WO 01/21214 Al

(I)HFRAEVITESLTARESA-ERER

(19) R AP HHELE
EREER

(43) BB 2BA8
2001 &£3 B29 B (29.03.2001)

A OGS AN AR

(10) B 2 ES
WO 01/21214 Al

RS E": A61K 48/00, 38/18, A61P 9/00,
9/10, 25/00, 25/28, 43/00 // A61K 35/76

(74) KEBA: iH

8%, SH(ASAMURA, Kiyoshietal) ; T
100-0004 REHFHRBEXFENT B2 1S HXF

BT £ JL 331 Tokyo (JP).

BELEES: PCT/1P00/06347

EEE (AA): AE, AG, AL, AM, AT, AU, AZ, BA, BB,
BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, DE, DK, DM,
DZ, EE, ES, FlI, GB, GD, GE, GH, GM, HR, HU, ID, 1L,
IN, 1S, JP,KE, KG, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT,
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA,
UG, US, UZ, VN, YU, ZA, ZW.

EFEES: 2000 49 B 18 B (18.09.2000)

ER LB EE: BXEE

AR RO EE: A X5
REET—45:

HREF11/267024
45 12000/241205

5B (IK1K): ARIPO %5 5F (GH, GM. KE, LS, MW,
MZ, SD, SL, SZ, TZ, UG, ZW), 21— 5 ¥ 71 (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — 0O v /138
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, [E, IT,
LU, MC, NL, PT, SE), OAP] $%2¢ (BF, BJ, CF, CG, CI,
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

1999 €9 B21 B (21.09.1999) P
2000 ££8 B9 B (09.08.2000) JP

HEA (KEER(2TOHREBRICONT): X F

= YA T A%A R (MEDGENE BIO-

SCIENCE, INC.) [JP/IP); T 560-0085 KER & PH L

$HE1TB24%FC-11015 Osaka (JP). FELRRR:

— ERAEHREE

M) HRRA E&U

(72) RB8%E: % F & — (MORISHITA, Ryuichi) [JP/JIP}; T
532-0003 X B A X BR T 32 )1l X & Jf2-11-22-502 Osaka
(3P).

2XFI— FRUMOBIEICDLTIE. THEFTEND
BPCTHE v FOEBIZEBBEEShTLS 10— FERBE
DHAF VR —+) 288,

(72) BAEZ; LU

(75) RAB/HERA REIZOVLTOH): EKRESB (OG-
HARA, Toshio) [JP/JP}; T 562-0046 XKERRFEB i~
F.2-7-29 Osaka (JP).

(54) Title: GENE THERAPY FOR CEREBROVASCULAR DISORDERS
54 RAOCEH: KOEREOL-HOREFAK

(57) Abstract: Cerebrovascular disorders (cerebrovascular obstruction, ccrebral infarction, cerebral thrombosis, cerebral embolism,
ccrebral attack, cerebral hemorrhage, Willis’ circle occlusion, cerebrovascular dementia, Alzheimer’s dementia, etc.) can be effica-
ciously treated or prevented by transferring an HGF (hepatocyte growth factor) gene and/or a VEGF (vascular endothelial growth
factor) gene into the subarachnoidal space of humans.

(57 Ef:

HGF (FXHEMBRH\METF) BEFRUT/XIXVEGF (hEFHNKHER
F) BEFRE MO ERETECHEATDIILICLY ., BOEHAE, HEE, M
mie, AAEHR, BZED ftm, L0600/, MEHER, TAY S v —F
BRECHDERES FHBRIUITFF 5 &M TE D,
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B B FEE D 7= 8 OEAG T I

BT 5 B

AR, ML EEELAEFE T T T 5O OFBBRFEFA, BLU
W e R T IBEAOFREREFECET 5, SH6IEL L REBIE, HG
F (FEHEMAMEBETF) BEFRU XRVEGF (MEARIBHEET) &=
FEEDRS F LTEE T RO EEEOIEENILTHR. H DV TSR Y
EF5EIA 7 FE TS T I L e BHET2HRRKREFIER VICAT L,
R

BMERO T T o0 — LHEBIRBLEIC & » TSR Z SN DMAEEERSE. b
LR LT LIS OBREALRmMABE TR R 24, ZoWERL. €0
HOREMEESRE T TR SOMEREFNECEL ZEBHD
( Stroke 25,1022-1027 . Stroke 29,1058-1062(1998) . Stroke 21,259~
264(1993) . Ann.N. Y. Acad. Sci. 695, 190-193(1993)) . L72»L. Z#ASORME
HEEICBITAMRSET2RET AR RIEFEIRITHIIEN TRV, E
MEREIC RO TR, SIOELENS TERRNEH EE £ LEED - Laks
RNTEH, TLTINEEPOLIYEYHOEFIIES L TS (Stroke
95, 1794-1798(1994)) , FABMEF AL, BEMAEDEEOIF RO RIETIHZ
BOWTBEERRBZRELTLEZLNTVD,
FHLVMEORECHETHLIENEORLMROEMNEL L FICBIBEEN DD,
AV ERTIOMEHREZRET DT TR, A e THREMBIZH LT
A N 2=y I THAIENRRENTVWOLEBR T ThEHEEEET) &
BLTV5,
MEEARRETOEFENLRESIL. Folksmanbil Ko THRINIXEER I
7= (N.Engl. J. Med. 285, 1182-1186(1971)) ., £ T OHOHFEIZ L > T, MEX
MEHFERT. Fl L LEEFMMREREF (FGF) 77 T —(Science
257, 1401-1403(1992) . Nature 362,844-846(1993)) . P K M B R A 7

-3
(]. Surg. Res. 54, 575-583(1993)1 . R UMEANEEEET (VEGF) 2EZ{E
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AL LR S REE mE BT T BT A BEmITHRORELRERD -
RIiTE X HEA L AER I TS (Circulation 90, I1-228-11
234(1994)) , 2 BICARBES X, HGFAVEGF & REEIZH RS RMIBR
MFELTHERTDZEFZRELTVE (] Hypertens. 14, 1067-1072(1996) ) .

MAEEE AT 57 SRR MEFARBETZ AL Sk, s
BHmMEFE FHENTV S, ORI T, ZORBITE FoEmEREBIC
BWHINTHD, LL2eab, BMEMFEIZITLTH ZOBAEITH L5
Hhat, SRETOE AL TRV,
FFiBRasEmEF (HG F) (3. Z487eBaicx LT o REERENE . MmEitE e
EMRUBERSESEYT T LA F b7 40 "2Y A P A THD
(Nature 342, 440-443(1989)) .

HG FOBUC BT AERC 2Tt BT LI 2lRErRRENTVD. T4
bt HGF & ET@EMF o FF—EDce-Met, HGF L 74— 3H(z
MoiEr OFERRTREBLTEY. HGF & ¢ MetllWBEEERT S GIZ L o TH)
KEZREEO - 2—0 L DEFLHGOLNL LR, AV ThHma—D
REIZLBWIBREZERZOBELFE IR I EAHWLATY D
(J.Cell. Biol. 126, 485-194(1994) | #5BAF7-898695 ~#R) . mfE. HG F2YE
mMPO=a2—a L NTHEZNL I EPEREINTEY (Brain Res. 799, 311-
316(1998)) . /B A HGFAEEICE T HEMmEOE RIS
L THREEDRAE L TV DI &0, MRZHGF ZBRIDEHERMIZEATD
CEREVEBEOREEIOBAPIEDNTHA LI EBREZNTVD
(J. Cereb. Blood Flow Metab. 18,345-348(1998), Zi b @A A%, HG F i
ENFOEELHMEFEETFL L TERATZLOLETAONL,

. MENEIEBEETFT (VEGF) 1. WEMBIIHLT A ==y 7
T EEES L VETHY, TLTHESEMLBOLIENDTELTND, V
EGFIRIPEMEI - L TEEMB BRI~ A Pl "2 9FEH LT
V% (Biochem. Bicphys. Res. Commun. , 161, £51-85¢ (1939)) , o o +—+7
Lt 7% —F 11, Flk—1RUKDR*BULVEGFOFEEMIIT, o~
A T OB T REMEREICEEL TSRS, VEGF ORI
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VEGF ORI EACEL TR, PEEERICBWVTVEGFidER%
EEL Lo THRACAELSFSFE LD LA HEESNTEDY
(Mol.Cell.Biol., 16, 4604-4613(1996)) . F 724 A VEGF OMKE K

CBEBROBVIIENTHo- 2 ERREENTD (J. Cereb. Blood Fiow

Metab. 18, 887-895 (1998)) . LA:LEEL WV I Hid5an TR
PEDES>ZHGFREIUVEGF OERvAt, BIOBLGIE. A0 <
THROLORFRBHAAODEFEEMEF TH L (] Cell.Biol. 119,629~
641(1992) . Biochem. Biophys. Res. Commun. 161,851-858(1989)) . & MmMER{EL,
oM A CIERAAMEFA L E LA S LA MONTEY, T LT IN
Tt FOXIVEMMOEFLEMEL TS (Stroke 25,1794-1798(1994)) . <4
. MEFHFEIIMEMECRECIEORETH TEELREIERLTLERDL
N5, LasL2zddis, MAEmMESIZH L TERIAEBEIHGFRVEGF AW
BN EHAENTRENE D2 oV TR LN TRV, X 6T, AfAMm
A IRTE R T AR T D O CRANIGEREY CEA L 2T uid e 61,
LT o OBEREBRERT TRV ERTED, FRENTHDL. ThE, &
ﬁ%ﬁk&ﬁ%ﬁ%uTﬁm&mmm%Hﬂ I E AR T A B L TRE
BT IaBN THhLEELbND. L LML, HG FEmFPeV
EGFBEFOMEMERE ~OEB GBI TIEF) (220 TEE< AR
FERME VIO HBOBERMY R LT, BETTOL ZATOEAMIIEALT
LA LR STV,
ZEBR O

AT MO EBEYIEFE I T 2O OMBEEFEER. 8LV
LR EFIAERORR RS FEIIET L, S0zl REHIEL HG
F (FEZHREEET) SEFR WIVEGF (hEMABRERYT) &=
FEEDES E LTEETAMMEBEDEFEXITFIHAL. & DV HZIEEX
TS 7 EETIECRETE e BE LT IRRARKRERTER EITEY .
ERAFSIZ, HGFRUVEGFOEETFE TS -7, EECKEERR

TMEHAEASEE TS LN TEENE DA in vivoTHRET LTI, T ORER,
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(a) HCFEEBEFXWEVEGFEEFIIL X277 3%, R#EMICHE
STINLOZ L A TERRNTREENDZE, (b)) HGFESFXIZVE
GFEBEF I 27x 72 3 Il 2EFELIYERKEORMERRICLEH
AEFETEHIL. () HGFEEFREAVEGCFEEFO I 2T
S pEORELL o TEIEREISNDOMOMABETAZERTLOILEY
ThoZe, TLT (d) ZOEFEE. MEBEICER LS LEDNTHD Z
EERBLEMIILE, B, INOOBEFENL 7 T TIE~COEANL LV OH L
WREEIZE DV HFEMIGEREND T E LA LU

PNx TAZBIE L, FMiZ L AEECA— | koMY . H
GFEEFENZLIVMBEIND ZEEZLREL

KEBIT, DX )RR ESEFRTHIESLLDTHD,

TR B AR CUTF® (1) B (2 3) OoRBERBE NG,

(1) HOF@EEFRU, XIVEGFEEFZH IR LTEET L. Mo
EIEE OB X LT 055,

(2) MMEFEEN, MIMEME, BEE, lmie, MEE, MEEDR, fHMBm.
LRLROMF, MEDEMER, TV -BE R i s E IR E R
BETHD., LR (1) DRI UI TR

(3) HGF¥EFRU . " XIVEGFERTZEWIMT L LTERETZL, MO
5 &K T O18% LT A

(4) HGFEEFRU " XIVEGFEGFEZHEINLT L LTEETSH. Mo
ik =fle st hi: Sy

(5) HGF@EZET 2 H Iy E LTERT L. a2 i A8 7L O 3l

(6) BOMERMBERTARERICER ST ZERMEMIEMIZETHD, L2 (5)

LR DIHIA,
(7) HGFBETFE2HF My L LTEREY L. MOMBEMRBOT R b—2 28
i

(8) HGFEIETFRUYU "XBIVEGFEEF#EIHRS L, BESOHGF #
PN RORIIVEGFE ¢ oy FofRICET 52 ER2 (1) ~ (7)
VTR ZERE A,
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(9) HGFEEEF2EPMSE L, AODHGFZ 37 L BIET 5%
o, ki (8) LEDHI,

(10) HGFHEEBEFRW " XIIVEGFEEFHHV ] -V Ry —

HDH, LT (1) ~ (9) VIt HoH.

(11) 7ERTE~ARSTLOHO, LB (1) ~ (1 0) WTnsili#o
Al

(12) HGFEGEFR® "XIIVEGFBERT L E¥XMIZFEL ) 268 L &
BAETHIENSRD, kg (1) ~ (11) oW TFANiEZmMOAORNEFE,
(13) HGFEEFRUV, " XIIVEGFEETFZE MIE

i B R TR XU FRAIE,

(14) HGF#EEZFRUV, XIIVEGFEEGFA b MMIEAT!

B > i R BAK T O VEEE UL TFBAYE.

(15) HGFEEFRV, " XIVEGFEEGT2E MIBAT I L 28,

id @ fn & BT AR AEVE

(16) HGF&EETF%t MIEATHZ L 25T, MOMBMBIITECOINGHIE.

(17) HGFEET%#tE FCEATLIZLA2EL, MOMBHROT R F—
i, '

(18) HGFE&LETRU, " XIZIVEGFEEF%* Lt O EETIE~REST S,
Ei2 (13) ~ (17) OWTFRCB EDOFIE,

(19) HGFEEZFRVW XIVEGFEGFOEA LI, HGF ¥ L%y
RO/ XEVEGF# 3085345, EE (13) ~ (18) oz
SELELDFIE,

(20) HGFEELFOEA LI, HGFH /0 2%k E4 %5, kit (1 9)

R DFIE,

(21) MIEEBEOERFGITHROREDZSOOHG FEEFRU,/XITV
EGFEEFOER,

(22) MOMBERTOBREXIITHAOCRSEOZOOHG FERTFER X
IIVEGF#EEFOER.

(23) BOMEFERERNORED-HOHG FEEFRU, XLIVEGF &




WO 01/21214 PCT/JP00/06347

FOER.
(24) BOmBEHREOMEROBEDTHOHG FEEFOER,
(25) MOMBHEAOT K r—2 ZMFIROELIED O DOHG F&EF0ER.
[Q i O B A2 5% R
M1k, WKRED B-gal (B-HT7 7 b ¥—F) ORB L RTEHOFES
HEThd, T. HVJ-UXRY—L4 (1n]) ORBEYRNEA; . HV J-UFE
V—2 (100p]) OXIE (7 FBETEE REA; £ HV J-U#Y—20 (20
nl) ORBSEEA. &8, n=4.
K23, BENOL-gal (B-HZ 7 b ¥—F) ORBERTAEMOFEETE
THD. . NEBRNEA ; P RIBERA B, A (VEETE) MEA
M3k, = IHFECLDT Y MEFEERPTOE FHGFOA L ER Y o8y

BREBYTTI57THE, P, UTIHHGFEGFZEERWVWRENY ¥ —

THRELZT v hE, TAdIRHGFEGTEATREEDI v b%. 14 dITHG
FEBEFEAI4BEDS v bamd, $AKP, —IHEBROPAEE L2, =
HIIMEENATY, MEIIHGFORE (ng, ml) 27%, *:UT

Ixt LT P<0.01, &8, n=4,

R4id, U FEICEST v MEEREP TOE FVEGF oA » B # 29
PERRERTIIT7THD, HP, UTIHRVEGFEBEGETFEXETRVRIB,
A—TME L7y b2, TdBVEGFELEZFEATBEBEOT » b4, 144
WIVEGFEGETEA14BEBDS v b7y, EEP, —IFHROPEE
LEz, -+ MEAEY 27T, SEIVEGFORE (pg./ml) #TF¥,
* : UTIZxFLTP<0.0l, €%, n=4,

M5, HCFEEFO I A7y 23 L RIRUT7 BEOEKPREUBEDD
MBS T DML SO E R R+ TIBREEE TS5, A (+
E) | BERRZHAELRVTRI ¥ — (HGFBIEFAEERVRE~Ns #—)
ZhIT 2T g LR, B (ER) | HEERAZPRAE LRV THG FER
Fr b7 oR72 a3 LR, C (TR | BERMEEETBERO-R 7 #—
ZhIZT7=2 a3 Ll D (ThH) | BE8RPEXTBEBEOHGFE&R

FERFLR T2 79 LK, & n=4
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M6, LY —FyTF—A A—T%— (LD1) THRIFE L RELEo R/
BBERT T T THhDH, BP, pre!IMAZERIZ . posUISEBIIRMEE R A, 7
dIXFAE7TAEY, 14dHEEEI4BEORBREZTY, Mt (FLUX) 38
FEREHELY T, prellfd LT, *P<0.05, #*P<0.0l, £&, n=6,

M7+, SEEREHX 7TRABICLD I THELCBF2 T3/ 57 ThH D,
M, UTHRBEZV—TRELZZ7 v b2, RCIZMEBIHGF (200ug)
THE LT &%, GENEIXHGFEET (W0ug) THUELET v &,
GENE&RCIZ#BZHGF (200ug) ¢HGF#EETF (10ug) THELE
Sy b%, £FVEGFIRIDGENEWRVEGFEEF (20 pug/ml) TR
BLES Yy hOBRETT, M (FLUX) HEERFESEZTT, UT
{ZxRPL T, *P<0.05, »*P<0.0], 8. n=6,

K81k, EHIROEEMRUCESRIZLD I TREL-CBF2F4 2757 TH
5. Etpreid. BT v FOREIRMERIZ . postiddB T » F OB E
H%%, HGFUBIKMET? BEIIWZHGF h o A7 2733 0% F v b
ORBIRFAEBE R OFREY. VEGFIBIRMZET7 BRIICVEGF F7 A7 =

v FOBBABEZEORBRZTY, postiZF LT, #*xP <

D3 HIToTLT
0.01, &8, n=25

K9id., fxkm (E$Brain surface) K UMEHCA-15EIK (K HCAL) @ B —gal
(B-#Z 2 +vF—%) ORBRETT, BHEESFATHD,

@10, AUESROERPEIZ LD, BHECA- IR ERE MRS
ROLNERERETRT, BMBEEHE TH S, BP. Sham ope. Tdays 133 ko
—v (ABHABoLZTEOLRESERL) TBEOREREZ . £7- Vehicle
(4days, 7days) IRBISFEBMELZIEBERUTEBORERY, ThINTT,
11, SSREERE GO/ &ICHFRET H 5 VISR ZHCF & /37
FEATDHI LI L Y, WBHECA-IFEELOE R R ARG SRR E R
. M EETHD, P, Post HGF gene(ddays, 7Tdays) /M {AISEENNRE i &
BIZHOFEETF 2 EA L4 BRUTA B O RE% . Pre HOF gene Tdaysidim{d
FENE MBI CHFEE T4 E A LT BB CRESRE. £/ r-HGF Tdaysi3 i
BB M E & R AUGF S . " 28 A L7 REORES . 21 ZhT
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B2, AFLTOIHBHArReds 28080, EE-1EROBR
MREEEEZMELEREART /77 ThDH, B, AEHIMIEE (AERR
HERIE /mm) Z AR, FAEEHIZEIT Hsham X T Fu—A (EmAEAL L) D
FER%Z . vehiclelIMUEBARE M O E % | Post GiAE{TEEIARE M %17 HOF:E
GFEZEALLERE ., Pre GAEMEABME MATICHOFRGF 2 EA L8
F 7 Post RIZMEAIEREBNAIRE M4 (CHRIRXHCF 7 s A L EY . The
HRT, vehiclelZxF LT, #P0.05, #P<0. 01, *+P0. 001,

B 13, MASEBIRE MEICHREG T2 EA L, 79 # 0TI OHGR
DE N TREFELISMEIZ LV BIE LAZRRE2TT/S 7 Th o, P, Hish
VEHOF D & X 7 A (ng/ml) 2L, T/-#88H post HGF |ZHCFIEET# A
OFERE, shamidar bo—L (RR#EE2L) OERE, FAFhTY, £
N.D iR Enleh o n R AT,

1 403, mEBCA-ISERICEKITS C-MetOFEBR A | REIRGIEIC X 0T L
RBREZTY. BHEEETH D,

K153, MECAIEBIZEWT TR b~ A %# 2 L - miR A % TUNELIE

KLY LR AR, BEEER THL, B, DND Tdaysii FAIEBIER
Mt 7 B B TERMMEARIEAEZ L2 EME %L . Post HCF gene 7days
RSB ARE ME & ICHOFBEF A EALTAEBORRE%L. £ 7/-Pre HGF gene
TdaysiXEHISABMARE MEFTCHFEG T2 EALZTRBOERY . 212N F
1.

163, MBHECA-1HIEIZIT DBl xLORME G REIEIC L AT LI-fE
FeTd, BHBEETHD, HP, shamiias be—1 (Em#Es L) o
#EF %, post HGF (4days. Tdays) M BIESIIREME % I THCREEF 8 A L
AEBRUTHBOBRY, TATHhTT,

173 EEEERRE M E & CHFEE T2 EA%TE B, BECA- 15T
BT OHSPIODRB %2 | GG REAIILI VT LB REL T IEMBETECH,

K1 8%, MBECA-IEIKIZBITAHSPIOO R L | S REIZLVRITL -5
ReTTHEBBEEETHI. P Sham iza bo— (FEm#igs L) o
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% Post HGF TDIZFAISEBIARE MEKICHFEEG T2 EALLTBEORR L
FhENTT,

A ERTLOORRBROFRE
K%%tﬁvfﬁ%éhéfHGFﬁE%J&M‘HGF(HGFﬁyﬂy)
L REIWAEE L EETFAIET. EEHIZIX. Nature, 342,440(1989) . %53F 5%

07776782/2%R . Biochem. Biophys. Res. Commun. , 163, 967 (1989) . Biochem.

Biophys. Res. Commun. , 172, 321(1990) 72 FIZE#PHG F @ c DN A% it D10

AFURRIBRT Y — (FEVANZRRIT Y= UA VAT F—) [THBAALL
LorFEFohs, 22 THGF#2— F1% c DNAOEEESIL, AIEC
TR EA TV S, Genbank ZEOTF— ¥ R—2 I BEHEIN TV D, #-TZ
N OERIERICESEBELELDNAFNSZPCROT A4 v —L LTHY, §
2 RO MmMERAFRCmRNAIZLGLTRT-PCRREEZITI ZEREICE
. HGFO cDNA%R/ o—= 75 ERTED, TRNOHODZ7a—=7
1t . il 2 i¥Molecular Cloning 2nd Edt., Cold Spring Harbor Laboratory
Press(1989) S EA BV, HEFLRLHIBEHIATI I EHTE D,

X642, AEFOHG FEEFIRAEOLDOICBEEINT, BEHEINDLFZ /3
JEMHGTE & EEMCRCIERLHTH2EETFTHLRY . ARHAOHGFE
BEFELTERTES, T74bE, 1) BIic DNAL AN V= bR&K
FT ATV EFALAZXFTEDNAR, 2) Biiec DNAIZELD a—F&ahd 78
TEOT I ORERINCHE LT 1IHELEER G LOIEE) o7 I EAE
o, RERY, XuIftmEns7 I / BEMNNLRDZI NI ERZI—FTDD
NA, #¥05H, HGF ¢ LTOEALZETDHF 723 —FF5L0TH
niF. ARBOHG FREFOHRBIIEEND, ZITHIRL1) RTU2) ®DN
Al B ITEMT R RMESERFRIE, PCRIE, UIBEONAT) ¥4 ¥
— T arvERLICEINESCEL I ENTE, BEIZIIATREMolecular
CloningBE O EAREZAZEB L TITH I ENTE D,

Bz TEREND IVEGFEET) &3, VEGF (VEGF #1
7) ARIBULEEETAIET, T2bb, VEGFOcDNAZHKTOMEE

WRBEA T A — (BT A AT F | DA LR F =) (THTSAAT O
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TR ENDS, VEGFEEFIZ. &£ MIBWTHEEEIIBE L TOERH X T
Az Ao T ¥ 4 7 (VEGF121, VEGF165, VEGF189. VEGF206)

OIFEDHE SN TV S (Scaence, 219, 983(1983) . J. Clin. Invest. , 84, 1470
(1989) . Biochem. Biophys. Res. Commun. , 161, 851(1989)), ARz VTt Zh
SOWTNCVEGFEEFZLERT IR TH DI, EMFERIC
FHLBEOE VL OBEEND, VEGFISEET ALV FE LV, S HIZATREOHG
FOBS LRI, TROVEGFOEBZEFIZH LTHEFZX K LB ETTH
2T, VEGFELTOEREET D L0 2 a—FT 2B EFTHDIRY .
ERBOVEGCFEEFOEBIZEND,

LY VEGFEETOLHGFEEGEF &AL, X (B2
Sc:ence, 246, 1306 (1989) ) FLEDEFIR UF —F# N—ZI K E N TV HEFIE
HITESE . BEHEALIZERI/IO—=oL TR IENTE, £-T0NTE
VESBIATO) ZEMNTE L.

RBHIIRVWTL, HGFEGFXIIVEGFESGTFICL Y, MOEEENE
MUUITHEINDZ E2TMETHONILELOTHD, TRLOHARRIIRY
THOT, (a) HGFEEFXIVEGFEGF 727273k, R
RO TINLDZ LN 7EPBHTHRESNDZ L. (b) HGF#EE
FRIZVEGFEBEF NI L A7 2272 3 UL DIRFECL VI EMREORMEK
MICMEHRELXFETCEL2L, (c) HGFEGBFXIVEGFHEGBTFDOZ
ATz 3 BEREOABILL TSI ZEZENHSMOMMERTZIEET
BONIEDTHHE, TLT (d) ZoE#FED, BMEMIER L LE
DToDZEEASHII LT, o THGFEEZEFARNVEGFEERFIZ. ME
MICERTLEE, MOLMBEETAZEIEE, MOLEHRELZ(BETDIZ &I
SVEBEBPHEBINIEEED, BxORKLEEEISTT 2IEFEUITHAIE L

FEREND,

B{EgiTid, mERAE, EE, iz, HER, MEP (7EETHLP

WIEMED, MEELERZESZETL) | MEh, L2L0M. MO EEREER.
Tt - BIEE O Rt i 1% 8 A I ANTE AL ETE 2 K OB E L TFEAA
FPLTHESIERSN D UUT. RBEHOERUITRHAIZ BI5E R TeRA &
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FToZtudD) .

EOICERBAFEGIT, EMICLIEECA— 1 EEOERMERZMEINEN, H
CFEETFEAILVIBENDZ &, T720HHG FEEFAKOMEMAE
EPMEITZDREAETL L ARELE, FLTIOPRE. c —Me t 2L
TR 7T b — L AME R E S L O THDL ZEEP LML,

IITHEECA- 1ML IEEOEE LTI TH Y. MEMIZ X 2R
RAZXZITHOCERE LTHLATVD, ZOLIICHGFEEFIZ. LEHE
ER (SR TMmENER) 3L UBBREIRIFEFERAOREOERICESE ., i
MEEBEOCERBLOTIAZENRTE S I LA ERoT,

$7~HGFEEGEFI. 1oL 212 c—Me t 20 LR ERIREDREZH
LTndid, FIAET LYng < —f, TAYNA v —REFRRE, §HER
HRIEREALE, HOW0IE =% Y U RFB & o MR IR E IR LTI
AMELTL, EIERTL _LTED,

ERFICHBVTE, HIGFEET., VEGFEBELGFEXAEBTHWS Z ¢ T
T MBZHFALERATLZ L LA TH L, £/, MOLERKEHEE
FOBBGEFEHRCAVWL IS TED, 61, HGFEEFRU,/UIVEG
FEEFLY. HGF#. U RUVXUIVEGF 37 L 2 #AT5 2 L b7
BETHD. FEL{EFHGCFEETEHGE Y 7 P OHGHE, XIIVE
GF#EGEFEVEGF # o 7 EOBAEDLETHY . X5 F LUIHGEF
BEFEHGF A3 LOMBAEDETHE, ZHICHAL TIIBEDERES 4
BRI,

E ZITHBUDHHGF Y W7 LT, EFEL LTHERTEEEILRE
BaInNboThEMFEI 22 5 EZTRESNZLLOTLR A, EmiRaG (F
ZEERE RN E, Code No. HGF-101%) Z2ER+THZ L TE 5, BIRY
O—= I NELN-HGFO cDNAZEERREE Y ¥ —(TEAL, 2
NZEFAMIOE L THEGRIRELE, ICOREEREOEE LENGENE
TOHHEMAIHGF X "2 BHENTED (] .21dNatue, 342, 440(1989)
EREEE2TTIRIS S S EM) | T VEGF AU N2 L ERICL TR I ENTE

D
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FiZ, REMOEGRFIREILBVWTHVWOALIBETFEARE, EAFEL L

73
UEAEF IOV TERd 2,

BB LT AP & TOREFIEFRATBECRETOHE. TORER
ELLTIRIFET AN R Z—Z2 RN E L VA VARSI Z—2 B85S
ORI &N, ERFEFZBALVICTORANE, REERELIERIA T
5 (S EBET, SO TR OEREN, E41, 1996, JIMERES, -8
A& RBIRAATERE, 14,1997, B REEFIEFEFEERELRTFIAEERFTEA
PRT v xR T o— %, 1999) , LITF, BRRNICEHRERT A,

A FETANR T A BVLIRE

EROEETFREA Y Y —ICBMNE T OBETFPHA TN B L REL

=T, UTOXI)RFEIILY HBIEG T A MIEOMBRICEATH o L

ATED.

MR ~CEGEFHEAEL L TR, VHE T3 g, U UBE— A A Lk
Wi, DEAE- 7% 72 b7 8 VT AEZRAVZDNAOEERAER
Engrons.

Fo, MBSO ERFEARE S LTI, AER Y R Y —L (internal type
liposome) (CXLZ2EBEFEAE, #EXJR U R Y —L (electrostatic type
liposome) (- & ZEEFHAE, HV ] —URY—LE HABHV ] -VUHY
— L& (HVJ-AVEY 37— LiE) | VvEZ Y —NaEMECFEALE, —F 4~
NEETHBE (£BEF) L ELIZDNASFEHBIZIBATEAE, naked
~DNACEHEEANE, EEHT) v—IZL2EAEZEOWTRIHOFEICMT
DI EIZL Y, BRI F— 2RIV AT DS ZENTETH D,

ZOHEHV -V FEY—-Li BEZEETELNTZ Y F Y —LPIIDNA
ZEHAL, S HR_OYVFY—-LERELLEZEFAL 740 =
(Hemagglutinating virus of Japan : HV ]) (2@ EEE-LDOTHD, Y
BZHV ] — U R — LE3 RO U R Y — L EL LT, B L O a st
WHEFEIIBVIEEHRETDHDLDOTEN, GELOVEAFETHS, HV ] —
DA — LDBRBEID DO TR (ERESIIM, BEFIEF OB, £+
11,1996, B THE A& BRENERE, £ 441997, J.Clin. Invest. 93, 1458-
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1464(1991) | Am. J. Physiol. 271,R1212-1220(1996)) 72 EilE L B6N TS
b FERETOERACLEL CREIATVWALY, TRLEEBANSTL,
Z2FBHV ] L LTI ZE (ATCCE W AFWEE) 2067 F Lvs, BRSO OH
VOB (8203 ATCC VR-907%° ATCC VR-10572 X)) LRV Z &5 T& 3,
Zi5{2. naked-—DNAOEEIENEDZ LEFEOS BLRLBERFE
D LOBEDLEFELVENETED,
CITAVEALRRARY Y- LT, EEATEMNEGLFERBRIESZ
OTEDH I H—TEAIMEARZERN7F—-ThHh->THLRVA, #Alxidp
AGGS (Gene 108,193-200(1991)) =, pBK~—CMV, pcDNA3. 1.

pZeoSV (L rrboTit, RARTE =) REDOBRERT Z— 3%

b,

B, WANAXTE—LHDHE

AN R H—= L LT MBBATT ) A L2 L ha A AL RED YA
NZNRE F—H BN HEAKERSR L O THL . LY EEEICE, FAE B
Bl oA LR, TFIo4 VA TF /EEIANLA, ~AALXZTA
WA, T T NI Fr P AL AR, YT IIANR L ERTA
WA, A4 NLAR SVE0, BREASFETAV (HIV) FODNA
AL ERIIRNAYA AZZAW L T2 T2 5L, HRICHEBRZ U1
NAZEIREEDL LI L»T, ABRNICESTFYEATIZENEARETH D,

BT ANRAR I E—D )0 TT I UANAOKIEDEPMMUO 7 A NV ARY
A—Z BN BEI Y LEINIIBIEBHELNTEY, ZOBRSNLIE, 7
TSI A AN F =25 D I EREFELL

AREOBEETFEENOERE ~OBANEL LT, EETFIEFEA BEEFNIC
WATSH1n vivolE, RF £ hLE3EOMBEERY B L THATE
ST IRFREZZMRIZEAL, 2OMEZERNIIETex vivolERHD

HEH+ Tz 72 19945185 20-45H. AFEE 36 (1),
23-48 (1994) . EBEFEA, 12 (15) . (1994) ., BEKE
mFikE s SEFEFEMEMENCRFT o =5 T 4—--x22 19

9) , KEBETIE. in vivoENRFELY:
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BEAOREIA Y LTIE, BERHOESR ES LIS U B Y AR5
fARIRE N D, Bl EBENEEN TRT TEETF2E AT 5 Hirofh,
BIANE ~OFE, HOVIEI T EETIE ~ORERQEVBFTOND, Z0HbrE
BT -5, REBZEOTHTINEHE ODEALEREETHY .
AREBOBN, TRDLDLMOMEERET 2MEHRETEEL . RU, IO
RAAREAIBIL L O LT OMITIE, TEETIEORERFE LV,

Tid, LRI FLHE IS - H 2 ORAFE (B 2 i T'A e
TEHEDR T THIEEFLEETLERERIE EN-B

HEEIC WAL ZeaiTE, FEGEYRER (PBSE0E

B, EFRELACHEOK. BEKSE) LEBLULAE, LBEILOELT T L7 % TERS

BEL, MOTEFMNLESFICTETZ NI VARI I R TE DL, Bk

EHENIISLES UTERCIBEEZMATLERYV . £/, HV ] - U XHRY—

LFECU Y — MBI, A #ERL ELDBEERBERER R DY R

= LRR|OFERE LT B LB TE B,

7 EBRHACBRBIOGEETAEFELS T L0, BREoRA (1=
UL PRI AR LEELE IELATL T ELE[ETE D . HDHWIETTR
T JHL T P BV TBENLESEIIR Y IRET A LAERETH D,

BABODNACEEL, BHEAHOEKE, BEOER, FESICLVRER

4 AT E AN, EE,. KRIECODNALSLTO. 0001—-100mg.

FELLIZ0. 001 —10mgThHY, INFHEBLWLEyBilZ1BRET

55
HOMBFELL,

LITF, ZEREfo)ic L v ARAZEARAOICHRBTL3, £EPIII AL OERMANIC
L0 2RABIBE XA DHO TRV,

E8 [ HCFBEEZFRIUVEG FEEFIZE IMOMEHER O h T2 g ED
ok

F#: )R ) EEE E

1) ESI B Eh ik O S %

H27 55— 7 FeuU—5 b (350~100g ; Charles River Japan, H#[E

Exmn) oo b ¥y —nF b UL (50mg/kg, BEREPI) THEL, T L
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THARFEH OB B S EEFERUREICL T, ERMBIREEL S
W, FLTI0LL 7 TE R L.
DHV J-UR/—snzaL 7L 7 2OHR
HV ] —U# 7 —Lx»FARTZ-DICERLLFEET R
(J.Clin. Tnvest. 93, 1453-16:1(1991) . Am. J. Physiol. 271, R1212-1220(1996) )

CEREEINTVE LR TES, el AHE AT sFUALEY . KA

TrFI ALY rRURLATO—-AL ] 1.8 20FEERTRELEZ, ZO8E
Bty (10mg) 3o —%--x Ul L —%—RT7 ~Z Fe 7 I 0 2BREL
T RaCNEILE S, R LEER. BNESFOBASNT-RER
R = FeEFE200u VOV BHEFYEYE (BS S, 137TuM NaCl, 5.4 M K
Cl. 10uM FYZ-HCli, pH 7.6) PTKRIMEEL, FBEOCUF Y — LI,
ABEFOABANOLNRE 7 Y= ER LTS (BSS 200ul), #RE D
RUEBSEAIEIL L~ T U3 — LR LT,

FERIHV ] (ZF) 3. ERERNZ S AU VRS (185 110mA 7/

nn”) LTHREMAC L, VY - AN (0.5n], 10mgOiEEEFEHT D)
ZHV ] (#F&4Anl0BS SHI10, 000MEREEEENN) LIRS LI, ZORE
FACTS B, TLTZOERNICEE D LRBLITCTTIAHEA - F2~"—
L7, 7 U0—OHV Jiiy sEBEEIESELIZLE>THV J-URY —Lhb
BrE L, s BUROEBEHBEESTEALL, V57 XAIFDNACKKRE
WL WAt (1.Clin. Invest. 93, 1458-1464(1994) . Am. J. Physiol. 271,
RI212-1220(1996)) IZfE-»TtE L&, 20pu g, m1 LRAFETHo7, =
ORBEEIL, BROFS 272723 UEIIRFERT LI OICERELEINT
"i%
DA L eFELTEN

A S EFRTOWENREETEANETELTHOHC, BHAIIHV J-DRY
—L koL Tl o P REFALL TSI NEAEETD3O0R LD HE; 1)
MEENR-~OEREA L. 2) BE-~OoF N RU3) K& (7 EETE) ~0
EANEFRE L
NEERFE-ENTIL, BT — T - Ml —F 0 b (350~400g) &N




WO 01/21214 PCT/JP00/06347
16

R ESZ—A+ F UL (50mg/kg. REREF) THEERL., = L TERSRBIRE
TEELTHEIZFL o HF—F/L (PE-50, Clay Adams, ==—3 %—¥
— M=y tm—) AEAFEHIUCEA L7 (Rakugi®)  #EAAREBIRKE
BT —BERURE IS R THEMBMBELL, HV J-UFRY—La 7L 2 (1
ml) ZAFEPRCFIFEA L. EAEEAI =2 —VRREL, T LTHEY
AR THIAENR~ oMt 2 BT S 12,

RS E~OEANTH, WErL7~7 v & ELMIBEEH (Narishige Scientific
Instrument Laboratory, BA[EERTE) (IE&, £ L THEXFHIEL, &
BIZERE L7 7o @iEss (FE P, Bioanalytical Systems, {27 4
THMI =22 RFTToAT o b)) HHTLATLLR@EI=2—1 BU0F—;
Becton Dickinson, =2 — 3y ——M>7Z 70042 2) & XB
(Am. J. Physiol. 271, R1212-1220 (1996) iZ52& S~V D L 2T L TAEMAIKE=
WAL, EMEEEELROLBY Thol, ¢ 7L 7V CEAL 3m, PR
OAF2 Inm, R OBEEFREO F3.6mm, HV J-UF Y=Lz 7L 7 R %21
BaEicgE AL (20uly, HV UMY —Lar7r o7 AEALLE, &
AH=a—LERELL, ORBEORFIEZRTEGSC L D 2FBTMET. EAY
T Y OoE T ORE SR T,

7 ERETEA~OEATER, SEOMBZEMICEEL, £ L TEBEFRTR
TRIC L - TR A RS =Y, 27
Becton Dickinson, =a—3 v —— 7 IV iA 7 R) &7 ERETRE
[TEALE, Poa— LOMBAHIELET L THMANED EF ZEEET L7201

LR =2 — L (2T

100 1ORMFFBERE 22 B2z L7&ic, HV J- U AR VY — L@ (100 1: 100
pg/ml) ZKIE (7 TRETER) (21 DU LT TEER IEALL. T0&, 8
P30 IR 2 T L TV 7o, FHMARSEOFAME (30,0000 D~=
VoG) A5 LTEEFIEEZTT €7

4 b= — K75 —E{g Y

L—H— R 7FFe gy d—2r— (LDI1) ZFRALT. FFE2BHEIIE-

e

TEEsEmMEBEYEEE L. LD I 2 AT A (Moore Instruments Ltd., &=

EH7 R iZiE, 12 0 12em A FE 2600 u mOIR & X TERINIEE T LK
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BEREZR L0 2nWo- I P h—FF oL —H =LA T TV 5,
SEEPIC, MEFRYBETOMKEN 77 —FEIIE - THRHEAOEHR AT
bXEZ, 74+ FFAFT— FILEFTEORIALETED LD T, TOXEEDOEE
IO~V OBRBOETTEIERRINE. OVOEmE NELZ 0 %oERIZ S
BEOFHT L. —FI0V 2100% i 80Tt L, EESKRTLELTH
FEOBEANETOBRESI L EH NS Y MESHER™EE&EyTan:
BB T L B A —{lERING, #RS 7T AE6 DORZDIEZITHITS
i, TLTEAENBEOBRE LTEREIND, OFAEETUIETELARFTE
FLTTEN., —hmIKEmIITE S L TETREND,

LDIA{EMALT, ME. Mx., TEEBRUVIIE BOMERROBERZI0HE
7o MEDAUMBHAZBLT. BIFUVATIY DmOBELEST, —OF
FETESEDOREMEIG LN, B0 ENEEAREIA, T LTS
Ty MIDOTERTIHELZHBE L TERE L, BhiIECEEr SO TREZER
THROW, EWEEERE (Ef) Wl GEME) OOk E L TELE,
5) $EARIR B FHIRE IE

3% TR LT LF e B, 20%0 s 3 BmEE 7 1 BEBEE L&D, X
—gal BB, o umOEFEAERYIT 100l EERI L, YR & X-gal
TIMELTR-IZ7 7 b F—E2RBR LTV AHRBENT-Z2—O  ¥REREL
oo TAHUF2T7 75—t (ALP) EEMIZ. 25unBHREAHEEH 2100
pmI BRI L, AL OWFE R0 3% 0iEEMbkFEEZEFTTOIPBS LT
A F2aX—hLT, ARME~NL XY —CIEMHE2 T, ZLTEFO%, 10%
O7~IE*HITDHDPRESPTHI|FLE—mmEEL 7 F2 L HIIFRT604
A Fa—hL7, 20Cy7~MBELEGHTL N ABRELEEEEEP TS
Efcrg Lz, #IIEd LT I T0miE, v TTeEY -ttt

NFFL -z 7L .+ 7 X (Vectastain ABC kit, PK 6100, Vector
Laborator:es. W) 741l =T )=l Y —L) A FaX—F L7, |
FERESIEC 7L 7 DU ERLTARE L, R TER L, T LT
AATRY T 7 0@Es LZERFERRE T 27 ) TG LT ETUECEME S
BELUTERLL




WO 01/21214 PCT/IP00/06347
18
6) i FER (CSF) POHGFRUVEGFIZHTHEL 1 SAE
ABSRENAR CAAERIE N T RUIMMB &R DT » 6 ES7ZCSF (100
pl) xIntoERBCERLE. 5y PRULE FHGFIZEL 1 SA¥ v b
(Institute of Immunology, BHE#H) TEIEL. LTk FNVEGF{EL I

SAFx vk (R&D systems, IAYIMIZTHY 2) TREELR,

7) EBRAEL

t PHGFEEZFIL, E FOHGFO@ c DNA (SBFFE27776782) 2 FiEID
Ivro—=_ 71 TN BRI/ F—pcDNA (£t ha7 48D iz
FALZLO X BT,

tF FVEGFRBEFIX., E FVEGF 16 5®cDNA (Science
246,1306(1989)) ZHiEIZLD vo—=2 2L, AFREY 5F-pUC-C
AGGSIZEALELOE AV,

E FBRAHGER, £ PHGFcDNA UBFSE27717678%) # Ry & —
PcDNA (4o a PR ITHEALZZHEBRIRER N Y —TF v M =—
ZoNILA M —SRELERRS (ATCC) UL C-127THBRS (ATCC) 2 5o 27 gy
Liztk, TOBEEHLEEILVBRLZLOEFA G,

LROHBRUEBHSEICE DS, UTOERM 1 ~4 21757
FEpl 1
AVERTODR-HF 2P b N FEEBEFOPIL A7 2733 RBITAHAHV
-V YL EEFTODE

BATOHBEFELTE-HT 7 by —EtBETF (A hruy o H
VIVE /' —LFEORE: 20ug/ml) 2FHL. LEOHEBRUERFIEDRL
- THV ] - UFE/ —LxFEB LA,

T3, HV]-VHVY—LzaL Ty A% 7 PONSERICEZEZAL T,
BalcBlgEE 7, LA-Ligds, EERSFEERTCEIPRPNEATIE, Ak 3RV
TBEICHX AR M ENEMR TORFIIR S Z Lo (F-FI3RLT
WYY ERr, HV ] -3/ — L2 QIRER V7 EETIEZEATDH
L, HV -0/ —LEIZLEDB-TZ7 7 b —EBETFOETAIES S

LEAEIRU7BEICB-gal DERELEBEAA L I (K1 EURK2)
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BUIZEALTE &, B-gal BB T L L THMER OIS EZEE DI CBRE SN,
BRI, CEBETEICEALLEE, B-gelBRAMEDIIRE SN, UE
OFRELY. MONFRERTEZLEFETHERELI ) ERXADLE, JEBRETE
~OEANEFERTL LR THED IEBHALE 0T,
FEhpl 2
HGFRUVEGFBEFOA L ERYS 27203
HGFXRVEGFEGFOBLTFEAOHRLMDIDII, =) FETHER
#® (CSF) 9T NESFOFA7EREREFBELL (n=4, &8) .
BN EBISEBAR HER]. THERUMBZIZEEBT Yy P (HGFRVEGF
BEFBADRWERNY §—T0E) OCSFPRL PHGFRURVEGF %
BELZMR, Zheod s ArE0REIIBHE IR (K3RURA4L) .
FiZ, HGF@E&T (HV]JUF/—LPpDRE : 20 pg/nl) ZHERFE
BRI EEFIEOCEALEZT Y bOCSFHOE NHGFZ R 7HRERH
ELFE, P77 A7 3 % T7HBIC, £ FPHGFERREENA, Ty b

HGFRBHEEAR2ko7m (K23) . HEREFAZEZNL TV 27 v b (1.63
+0.16ng/ml) CSFEPRZEEEIN-T v b (1.6720.29ng/ml) B TEELE

CRuidkdror, FPSUAT =23 EIMABTEA, E PHGFA (0.40%
0.04ng/ml) TR N/ (®3) .

FEROHGFEEFERFROFEIZEY, VEGFEEZT (HV ] VA Y —A
FOBRE 20 pug/ml) ZIFETFIFECEALLEIA, CSFPDE FVEG
FOREIZHGF LV3Dd2d& -7 (K4)(7HE,;, EBRZMEINTY
BTy hT18.9=2.9pg/ml . FEIRE FEINT v HTI16.8%5. 8pg/ml,
148 8: EBRFEESATUVAVT v FTIL7x]1.6pg/ml. HHRZFAES
N7~5y F79.9=1.5pg/ml) ., IHRHOROIOZERCEBIITIRTSH LA,
BHOLMERTAEET LEOZIIHGFA2ER L TMEHFELZELIED D
ENEVRIFTHLLIICEDND,

ERH 3
HGFh?y271ﬁyaytiaﬁﬁﬁ?@m§%%
ERSC EEEBROMELELT o FOMAZETBEVT. CNSIZBITZHGFE
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BEFEAOMEFADREHR L., 400, MEARMEYRETH T L
HVHERAT7 78— (ALP) GEER LUIEEFREFRI DM ZEw LT, MK
AROBNORNEMBEEZEE LA, HGFELZTFEAIN TV T v kT,

AL PIBHARIRITHRISHROMHEN R 7 BEOMOAENICRE N TV
(R5DA, C) , BEKBENZLICHGFERETEAT » T3, AL PEBEH
FIIREEICER SN, AABEBRYFAZEs AT 20T v P RYBEINLT
v P TEVE (RREICEEINS (I5DB, D) , #-oTINnbHORET,

HCFEGFEAILL > T, HIEMEEOMEEILEMENELDHLOESE
zbhi,

ERrebdl 4

LDITRELRES v g (CBF)

TRISEEBARNEM% O T v FOCBFZBMELL. &2, MER, B, 7
AERVUAZICERTFZEAEINTL RVWT » POCBFOE{EEH LT,
FHIENA L O, CBFIidEBSESRCHAERE GBS L, & L TRMIKTF
IER LML (K6) . LALedse, CBFIZEMES ./ b &g L TH
EH7TRUMOBICRIEVEF LYKo (6) .

i, $#AHGF (200ug) . HGF®ET (HV ] VA —onthop -
20pg/ml) . RUHABZHGF CHGFEETOMAEHMTME LT v b2
BELE, CNOHGFEEFRUMBIHGFEIL, ERFIZHITIERELEL
JEBETEICEA L, FOBIFRPIRAECIOTRICERE L/-, HABIHGF
TRELES v b TIR, B o FEEBLTCBFOHEREMILNL-T
(%F88: 886.1+99.6, M I HGF: 985.5x1M2. (K 7), LAHLA2HRb6,
HGFEEFEAILLDMETIHIFAEZ TBEIICBFABEEFIZEML
(1214.5+145.1), FiZ. #MBAIZHGF L EETEALZMEETLEBLET »
R Tt FHES4IC, CBFIIEEFEAEMOGS » LT T BBIZIZANIC

IV &EMo (1490.3£197.9) ., ZHALORRLY . HCFEETEANILS
MEFEBKROBENOREETAREL, T L TERAERINEL L &
BEFEEBRIHGFOMBERIRLIRNTH I Z VR ENT,

5. VEGCGFEEFEALCBFZEBMEE/L D5 (1122.8%265.3)
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(7). VEGFELEFULMOMEEIRTORBITATH DI Z LML E
pol,

Wi, BARFBERNCER Lo &, ZOMBREGTHVEL MY 5 mnr ket
L7, BBEWVWI LI, HGFXIIVEGFEEF THRMEEMNCLEBL A L H
BARPAEICLIZ2CBFORD&ZE5IE L7 (&88; 459.4+97. 4. HGF: 796.8
+204, VEGF; 737.6%211.5) (®8) ., _hbomEid, Ehani-skEs
Nk &E, HGFEVEGFHEEFEAVBRMEEICL 3MMERT 5L (&
B5) #2DICEBTHD I EERLTWVD,

ER 1. HCFEGTFIZ L DB ORI CILHI R OB
EBRF

EERIZEVW E FHIFEEFEFHVI-V F /—L a7 Ly 7 AR UL FAR
ZHOFIL, RIREER 1. AL THR L,

EERITIIHEERS R X ((KES0g ~70g) ZERA LA, 2ICITHEREINTZTE
THREL. KEAERERERE L, ZORRZI 2 UTO520 70—
Sirfe, Ishamjy 2y bo—nn ) —27 (Emdgrs L1 —7)

lvehicle] : M{BSEBIARS S RIEM 7 v —27. Tpost Gi : ENTEESARS 55 R M
BHORBMETFHA 7 b—7 . Tpre G) : WUTEBINRS 4 FRLE f ATHOFI& {5 78 A 2/
N—270 Tpost R) : BIRISREIARS IR Mm% L B ) a2 v o FHOFIR 5 7 L —
T BREMIT A A A7 B RVTEAT3I% ot Ll TITV Y, £ L TL 5%
ot 20%FFE, S0NREZORSK[THFL:. 8 (EBER) keics=4
—L2nb, ITERHIZE— My FZRAWVTHEFFL 2. ERSEBRSY EHi%.
BRPICMEZ Y v 7 H BT il e eER L, T D%, 7 o7
BEER., Mz B/EA L. ARLBOEAEIIE G, VU R —Lizx Ay
Tt MHCFBIEF (0pg) # 7 ERETIELVEIERIE~EA LKL, Yz v+ b
HGF (30ug) 1X, AFMLIEERICY TIRETHELVEEERE BE5 LA, Wb 77—
VEIICIZHFL, BEXFo7. 22 bo— 7 - 73 fERT LA O 2
SEZMOD " — T ERIERICIT oo, M4, TEBEICEOVLT, MEREE L. 95
ZHEY ., TUNELIMEE, sf& a2 Z LI LV, REAESE 2R 21T - 7=,
BB R 7 OHCFERE OBEIL, & FHGF ELISAT » h & B TiT» 7.
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FREBFHIEICESE. UTOERME S 21707
Ehefl 5
HGFBEF TV AT 27 v a Ui £ DHECA-1 RO IR MR FE O 5]

EFEBFRAIEZRACT, W) EY —LEICLDEEFO 7 TETREL &R
PE~DENOMERZ (TR oTe, B~HZ77 b ¥ —EBETFEXEAL, MO
B—Caldft@a{Tiolo b Ih, BMOEMEMBCA-IEEILERTORBLER
ahre (®9) .

FRISEBIARS 5 BB I K 0 | BB CA- 1R ER R A FE A F2 &
iz (10, vehicleB¥) . THUZH LHOFE(LF (PreGi L UPnstGRY) & 7%
Wit Y a2 FHGF (PostREE) OFRSITE Y | BRSBTS B
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DESCRIPTION

GENE THERAPY FOR CEREBROVASCULAR DISORDERS

TECHNICAL FIELD

The present invention relates to novel gene
therapy agents for treating or preventing
cerebrovascular disorders, and novel methods for
administration of said gene therapy agents. More
preferably, the present invention relates to
therapeutic or preventive agents for cerebrovascular
disorders comprising hepatocyte growth factor (HGF)
gene and/or vascular endothelial growth factor (VEGF)

gene as an active ingredient, or novel administration

methods comprising administering said therapeutic or

preventive agents to the subarachnoid space.

BACKGROUND ART

Cerebral obstructive diseases, moyamoya
disease and the like caused by atherosclerosis in the
cerebral artery often result in chronic reduction in
cerebral blood flow. This state may lead not only to
the subsequent cerebral ischemic events but also to
neuropathological changes including dementia (Stroke
25:1022-1027, Stroke 29:1058-1062 (1998)): Stroke
24:259-264 (1993):; Ann. N. Y. Acad. Sci. 695:190-193

(1993)). However, no effective methods for improving
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the reduced blood flow in these cerebrovascular
disorders have been established yet. It is known that
in ischemic attacks, active angiogenesis takes place
specifically at the peripheral regions of the ischemia,
and this is involved in prolonged survival in humans
(Stroke 25:1794-1798 (1994)). Thus, angiogenesis has
been considered to play an important role in recovery
from cerebral ischemia and prevention of future
attacks.

The development of new blood vessels and
angiogenesis are triggered concurrently with the
activation of the endothelial cell. A growth factor
that has been shown not only to stimulate angiogenesis
in vivo, but also to be mitogenic in vitro to the
endothelial cell is called "angiogenic growth factor."

The therapeutic involvement of angiogenic

growth factor was first described in literature by

Folkman et al. (N. Eng. J. Med. 285:1182-1186 (1971)).
Subsequent research confirmed that recombinant
angiogenic factor such as fibroblast growth factor
(FGF) family (Science 257:1401-1403 (1992); Nature
362:844-846 (1993)), endothelial growth factor (J.
Surg. Res. 54:575-583 (1993)), and vascular endothelial
growth factor (VEGF) may be used to promote and/or
enhance the development of collateral circulation shunt
in animal models of myocardial and hindlimb ischemia
(Circulation 90:1I1-228-IXI-234 (1994)). Furthermore,

the present inventors have found that HGF acts as a
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endothelium-specific growth factor as does VEGF (J.
Hypertens. 14:1067-1072 (1996)).

A strategy as described above that employs
angiogenic growth factor to treat vascular disorders is
called "therapeutic angiogenesis.” More recently, the
strategy has been applied to ischemic diseases in
humans. However, the effectiveness of the strategy in
cerebral ischemia has not been known so far.

Hepatocyte growth factor (HGF) is a
pleiotropic cytokine that exhibits mitogenic, motility
promoting, and morphogenic activity on a variety of
cells (Nature 342:440-443 (1989)).

Effects of HGF on the brain has been reported
as follows. Thus, it is known that HGF in combination
with c-Met/HGF receptor of a transmembrane tyrosine

kinase is expressed at various regions in the brain,

and the operative linkage of HGF and c-Met enhances the

survival of neurons in the primary culture of
hippocampus, and induces neutrite elongation in the
development in vitro of neurons (J. Cell. Biol.
126:485-494 (1994); Japanese Unexamined Patent
Publication (Kokai) No. 7-89869). Recently, it has
been reported that HGF is induced in neurons in
ischemia (Brain Res. 799:311-316 (1998)), that
recombinant HGF has a neuroprotective effect on delayed
neuronal death after ischemia in the hippocampus, and
that the continuous injection of recombinant HGF into

the brain was effective in reducing the size of
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infarction (J. Cereb. Blood Flow Metab. 18:345-348
(1998)). These findings suggest that HGF acts as an
important neurotrophic factor in cerebral ischemia.

On the other hand, vascular endothelial
growth factor (VEGF) is a dimeric glycoprotein
mitogenic to the endothelial cell and has an ability of
enhancing vascular permeability. VEGF has a direct and
specific mitogenic effect on the endothelial cell
(Biochem. Biophys. Res. Commun. 161:851-858 (1989)).
The binding sites of VEGF including tyrosine kinase
receptor Flt, Flk-1, and KDR occur on the endothelial
cell but not on other cell types, thereby limiting the
effect of VEGF to the endothelial cell.

With respect to the effect of VEGF on the
brain, it has been reported that VEGF in the central
nervous system is rapidly induced by ischemic disorders
in the brain (Mol. Cell. Biol., 16:4604-4613 (1996)),
and that the administration of recombinant VEGF to the
brain surface effectively reduced the amount of
infarction (J. Cereb. Blood Flow Metab. 18:8B7-895
(1998)). Details thereof has not been known, however.

In another aspect, in addition to the above-
mentioned actions of HGF and VEGF, these factors are
potent angiogenic growth factors as mentioned above (J.
Cell. Biol. 119:629-641 (1992)); Biochem. Biophys. Res.
Commun. 161:851-858 (1989)). Ischemic attacks are
known to give rise to active angiogenesis in the

periphery of ischemia, which is related to prolonged
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survival of humans (Stroke 25:1794-1798 (1994)). Thus,
angiogenesis is thought to play an important role in
recovery from cerebral ischemia and in prevention of
future attacks. However, it is not known whether
therapeutic angiogenesis using recombinant HGF or
is actually feasible for cerebral ischemia etc.
Furthermore, recombinant angiogenic growth factors
rapidly disappear from the brain and thus require
continuous injection into the brain, which procedure is
rather dangerous and impractical in the clinical
settings. Thus, it would be reasonable if the
technique of gene introduction is used to express and
secrete angiogenic growth factors in ischemic brain and
its periphery on a continual basis. There are no

examples so far in which HGF gene or VEGF gene has been

applied (gene therapy) to ischemic disorders in the

brain, and possibly because of its unique feature of
the brain tissue, there are no suggestions made on the

applicability thereof.

DISCLOSURE OF THE INVENTION

The present invention relates to novel gene
therapy agents for treating or preventing
cerebrovascular disorders, and novel methods for
administration of said gene therapy agents. More
preferably, the present invention relates to novel
agents for treating and preventing cerebrovascular

disorders comprising hepatocyte growth factor (HGF)
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gene and/or vascular endothelial growth factor (VEGF)
gene as an active ingredient, or novel administration
methods comprising administering said therapeutic or

preventive agents to the subarachnoid space.

The present inventors investigated in vivo

whether the introduction of HGF gene and VEGF gene can
induce angiogenesis on the surface of an ischemic
brain. As a result, we have revealed that: (a) after
‘the transfection of HGF gene or VEGF gene, these
proteins are detected in the brain over a prolonged
period of time, (b) therapy with HGF gene or VEGF gene
transfection can induce angiogenesis on the surface of
an ischemic brain, (c) the transfection of HGF gene or
VEGF gene is effective in treating reduced blood flow
in the brain caused by vascular obstruction, and (d4)
the therapy is also useful when performed before
obstruction. Furthermore, we have also demonstrated
that the introduction of these genes can be more
effectively attained by a novel method of
administration i.e., introduction into subarachnoid
space.

In addition, the present inventors have found
that delayed neuronal death due to ischemia in the
hippocampus CA-1 region can be suppressed by the
introduction of HGF gene.

Based on the foregoing findings, the present
invention was completed.

Thus, the present invention provides the
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inventions described in the following (1) to (23).

(1) A therapeutic and preventive agent for
cerebrovascular disorders comprising HGF gene and/or
VEGF gene as an active ingredient;

(2) The therapeutic or preventive agent in
the above (1) wherein cerebrovascular disorders are
cerebrovascular obstruction, cerebral infarction,
cerebral thrombosis, cerebral embolism, stroke,
cerebral bleeding, moyamoya disease, cerebrovascular
dementia, Alzheimer's dementia, and sequelae of
cerebral bleeding or cerebral infarction;

(3) A therapeutic or preventive agent for
reduced blood flow in the brain comprising HGF gene
and/or VEGF gene as an active ingredient;

(4) A promoting agent for angiogenesis in the
brain comprising HGF gene and/or VEGF gene as an active
ingredient;

(5) A suppressing agent for neuronal death in
the brain comprising HGF gene as an active ingredient;

(6) The suppressing agent of the above (5)
wherein neuronal death in the brain is delayed neuronal
death caused by cerebral ischemia;

(7) A suppressing agent for apoptosis of
nerve cells in the brain comprising HGF gene as an
active ingredient;

(8) The agent in any of the above (1)-(7)

which comprises HGF gene and/or VEGF gene as an active

ingredient and which is to be used in combination with
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HGF protein and/or VEGF protein;

(9) The agent of the above (8) which

comprises HGF gene as an active ingredient and which is

to be used in combination with HGF protein;

(10) The agent in any of the above (1)-(9)
wherein HGF gene and/or VEGF gene are in the form of
HVJ-1liposome;

(11) The agent in any of the above (1)-(10)
to be administered into the subarachnoid space;

(12) A method of producing the agent in any
of the above (1)-(11) comprising blending HGF gene
and/or VEGF gene with a pharmaceutically acceptable
solvent;

(13) A therapeutic or preventive method for
cerebrovascular disorders comprising introducing HGF
gene and/or VEGF gene into humans;

(14) A therapeutic or preventive method for
reduced blood flow comprising introducing HGF gene
and/or VEGF gene into humans;

(15) A method of promoting cerebral
angiogenesis comprising introducing HGF gene and/or
VEGF gene into humans;

(16) A method of suppressing neuronal death
in the brain comprising introducing HGF gene into
humans;

(17) A method of suppressing apoptosis of
nerve cells in the brain comprising introducing HGF

gene into humans;
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(18) The method in any of the above (13)-(17)
comprising administering HGF gene and/or VEGF gene into
the subarachnoid space in humans;

(19) The method in any of the above (13)-(18)
comprising administering HGF protein and/or VEGF
protein together with the introduction of HGF gene
and/or VEGF gene;

(20) The method in the above (19) comprising
administering HGF protein together with the
introduction of HGF gene;

(21) Use of HGF gene and/or VEGF gene in the
manufacture of a therapeutic or preventive agent for
cerebrovascular disorders;

(22) Use of HGF gene and/or VEGF gene in the
manufacture of a therapeutic or preventive agent for
reduced blood flow in the brain;

(23) Use of HGF gene and/or VEGF gene in the
manufacture of a promoting agent for angiogenesis in
the brain;

(24) Use of HGF gene in the manufacture of a
suppressing agent for neuronal death in the brain; and

{25) Use of HGF gene in the manufacture of a
suppressing agent for apoptosis of nerve cells in the

brain.

BRIEF EXPLANATION OF THE DRAWINGS
Fig. 1 is a photograph of morphology of an

organism exhibiting the expression of B-gal (f-
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galactosidase) on the brain surface. Bottom, the
injection of HVJ-liposome (1 ml) into the internal
carotid artery; middle, the injection of HVJ-liposome
(100 pl) into the cisterna (subarachnoid space); upper,
the injection of HVJ-liposome (20 pl) into the lateral
ventricle. n=4 for each group.

Fig. 2 is a photograph of morphology of an
organism exhibiting the expression of fB-gal (P-
galactosidase) in the brain. Left, the injection into
the internal carotid artery; middle, the injection into
the lateral ventricle; right, injection into the
cisterna (subarachnoid space).

Fig. 3 is a graph showing the in vivo
expression of human HGF protein in the rat
cerebrospinal fluid by an ELISA method. In the figure,
UT represents the rats treated with an expression
vector containing no HGF gene, 7d represents the rats

on day 7 after the introduction of HGF gene, and 14d

represents the rats on day 14 after the introduction of

HGF gene. In the figure also, — represents the absence
of obstruction, and + represents the presence of
obstruction in the carotid artery. The ordinate
represents the concentration of HGF (ng/ml). *k
P<0.01 for UT. n=4 for each group.

Fig. 4 is a graph showing the in vivo
expression of human VEGF protein in the rat
cerebrospinal fluid by an ELISA method. In the figure,

UT represents the rats treated with an expression
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vector containing no VEGF gene, 7d represents the rats
on day 7 after the introduction of VEGF gene, and 14d
represents the rats on day 14 after the introduction of
VEGF gene. In the figure also, — represents absence of
obstruction in the carotid artery, and + represents the
presence of obstruction. The ordinate represent the
concentration of VEGF (pg/ml). **: P<0.01 for UT. n=4
for each group.

Fig. 5 is a microphotograph showing the
result of cytohistochemical staining of the endothelial
cell in the brain and in its periphery before and 7
days after the transfection of HGF gene. A (upper
left), a brain transfected with a vector (expression
vector containing no HGF gene) without obstructing the
carotid artery; B (upper right), a brain transfected
with HGF gene without obstructing the carotid artery; C
(bottom left), a brain transfected with a vector on day
7 after the obstruction of the carotid artery; D
(bottom right), a brain transfected with HGF gene on
day 7 after the obstruction of the carotid artery. n=4
for each group.

Fig. 6 is a graph showing changes in cerebral
blood flow with time measured by a laser Doppler imager
(LDI). In the figure, pre represents before
obstruction, post represents after the obstruction of
the carotid artery, 74 represents 7 days after
obstruction, and 144 represents 14 days after

obstruction. The ordinate (FLUX) represents an mean




12
cerebral perfusion. Relative to pre, *P<0.05,
**P<0.01. n=6 for each group.

Fig. 7 is a graph showing CBF measured by LDI
on day 7 after the obstruction of the carotid artery.
In the figure, UP represents the rats treated with an
expression vector, RC represents the rats treated with
recombinant HGF (200 png), GENE represents the rats
treated with HGF gene (10 pg), GENE&RC represents the

rats treated with recombinant HGF (200 pg) and HGF gene

(10 pg), and GENE in VEGF represents the result of the

rats treated with VEGF gene (20 pg/ml). The ordinate
(FLUX) is an mean cerebral perfusion. Relative to pre,
*P<0.05, **P<0.01. n=6 for each group.

Fig. 8 is a graph showing CBF measured by LDI
before and immediately after the obstruction of the
carotid artery. 1In the figure, pre represents before
the obstruction of the carotid artery of the control
rats, post represents immediately after the obstruction
of the carotid artery, HGF represents the result of the
rats immediately after carotid artery obstruction that
were subjected to HGF transfection 7 days before
arterial obstruction, and VEGF represents the result of
the rats immediately after carotid artery obstruction
that were subjected to VEGF transfection 7 days before
arterial obstruction. Relative to post, **P<0.01. n=5
for each group.

Fig. 9 is a microphotograph showing the

expression of f-gal (f-galactosidase) on the brain
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surface (brain surface in the figure) and in the
hippocampus CA-1 region (CAl in the figure).

Fig. 10 is a microphotograph showing the
result in which delayed neuronal death was observed in
the hippocampus CA-1 region by ischemic stimulation of
the bilateral carotid arteries. 1In the figure, Sham
ope. 7 days represents the result on day 7 of the
control (surgically treatment only without ischemic
stimulation), and Vehicle (4 days, 7 days) represents
the result on day 4 and 7 after ischemia of the
bilateral carotid arteries, respectively.

Fig. 11 is a microphotograph showing the
result in which delayed neuronal death in the
hippocampus CA-1 region was suppressed by the
introduction Of HGF gene or recombinant HGF protein
before and after ischemic stimulation of the bilateral
carotid arteries. In the figure, Post HGF gene (4
days, 7 days) represents the result on day 4 and day 7
in which HGF gene was introduced immediately after
ischemia of the bilateral carotid arteries, Pre HGF

gene 7 days represents the result on day 7 in which HGF

gene was introduced immediately before ischemia of the

bilateral carotid arteries, and r-HGF 7 days represents
the result on day 7 in which recombinant HGF protein
was introduced immediately after ischemia of the
bilateral carotid arteries.

Fig. 12 is a graph showing the result in

which the density of nerve cells in the hippocampus CA-




14

1 region was measured by staining the live nerve cells.
In the figure, the ordinate represents the cell density
(live nerve cell count/mm). Sham in the abscissa
represents the result of the control (no ischemic
stimulation), vehicle represents the result of ischemia
of the bilateral carotid arteries, PostG represents the
result in which HGF gene was introduced immediately
after ischemia of the bilateral carotid arteries, PreG
represents the result in which HGF gene was introduced
before ischemia of the bilateral carotid arteries, and
PostR represents the result in which recombinant HGF
protein was introduced after ischemia of the bilateral
carotid arteries. Relative to vehicle, *P<0.05,
**P<0.01, and ***P<0.001.

Fig. 13 is a graph showing the result
which HGF gene was introduced after ischemia of
bilateral carotid arteries and then the protein
concentration of HGF in the cerebrospinal fluid 7 days
later was measured by an ELISA method. 1In the figure,

the ordinate represents the protein concentration

(ng/ml) of HGF, post HGF on the abscissa represents the

result of introduction of HGF gene, and sham represents
the result of the control (no ischemic stimulation).
N.D. represents the result not detected.

Fig. 14 is a microphotograph showing the
result in which the expression of C-Met in the
hippocampus CA-1 region was analyzed by an

immunostaining method.
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Fig. 15 is a microphotograph showing the
result in which the nerve cells that had apoptosis in
the hippocampus CA-1 region were stained by the TUNEL
method. In the figure, DND 7 days represents the nerve
cells that had delayed neuronal death on day 7 after
ischemia of the bilateral carotid arteries, Post HGF
gene 7 days represents the result on day 7 after HGF
gene was introduced immediately after ischemia of the
bilateral carotid arteries, and Pre HGF gene 7 days
represents the result on day 7 after HGF gene was
introduced immediately before ischemia of the bilateral
carotid arteries.

Fig. 16 is a microphotograph showing the
result in which the expression of Bcl-xL in the
hippocampus CA-1 region was analyzed by an
immunostaining method. 1In the figure, sham. represents

the result of the control (no ischemic stimulation),

post HGF (4 days, 7 days) represents the result on day

4 and day 7 after HGF gene was introduced immediately
after ischemia of the bilateral carotid arteries.

Fig. 17 is a microphotograph showing the
result in which HSP70 expression in the hippocampus CA-
1 region on day 7 after the introduction of HGF gene
immediately after ischemia of the bilateral carotid
arteries was analyzed by an immunostaining method.

Fig. 18 is a microphotograph showing the
result in which HSP70 expression in the hippocampus CA-

1l region was analyzed by an immunostaining method. 1In
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the figure, Sham. represents the result of the control
(no ischemic stimulation), and Post HGF 7D represents
the result on day 7 after the introduction of HGF gene
immediately after ischemia of the bilateral carotid

arteries.

BEST MODE FOR CARRYING OUT THE INVENTION

As used herein "HGF gene" means a gene that
can express HGF (HGF protein). Specifically, there can
be mentioned one in which cDNA of HGF as described in
Nature 342:440 (1989); Patent Publication No., 2777678;
Biochem. Biophys. Res. Commun. 163:967 (1989); and
Biochem. Biophys. Res. Commun. 172:321 (1990) was
integrated into a suitable expression vector (nonviral

vector, viral vector) as described below. The base

sequence of cDNA encoding HGF has been described in the

above literature and also been registered at databases
such as Genbank. Thus, based on such sequence
information, a suitable DNA portion is used as a PCR
primer; for example, by performing a RT-PCR reaction on
mRNA derived from the liver or leukocytes, cDNA of HGF
can be cloned. Such cloning can easily be performed by
a person skilled in the art according to a basic
textbook such as Molecular Cloning 2nd Ed., Cold Spring
Harbor Laboratory Press (1989).

Furthermore, the HGF gene of the present
invention is not limited to those described above, but

any gene may be used as the HGF gene of the present
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invention as long as the protein expressed by said gene
can act in virtually the same manner as HGF. Thus,
from among 1) DNA that hybridizes to said cDNA under a
stringent condition and 2) DNA encoding a protein
comprising an amino acid sequence in which one or a
plurality of (preferably several) amino acids have been
substituted in, deleted from, and/or added to the amino
acid sequence of the protein encoded by said cDNA and
the like, those that encode a protein having an action
as HGF are encompassed in the category of HGF gene of
the present invention. DNA in the above 1) and 2) may
be easily obtained by site-directed mutagenesis, a PCR
method, or a standard hybridization method and the
like, and specifically they may be performed with
reference to a basic textbook such as the above
Molecular Cloning etc.

As used herein "VEGF gene" means a gene that
can express VEGF (VEGF protein). Thus, there can be
illustrated one integrated into a suitable expression
vector (nonviral vector, viral vector) as described
below. By selective splicing of VEGF gene at
transcription in humans, the presence of 4 subtypes
(VEGF121, VEGF165, VEGF189, VEGF206) have been reported
(Science 219:983 (1983); J. Clin. Invest. 84:1470

(1989); Biochem. Biophys. Res. Commun. 161:851 (1989)).

According to the present invention, any of these VEGF

genes can be used, but from the viewpoint of being

biologically most potent, VEGF165 gene is most
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preferred. Furthermore, as in the case of the above
HGF, modified versions of these VEGF genes are
encompassed in the category of the VEGF gene of the
present invention as long as they encode a protein
having an activity as VEGF.

Said VEGF gene, as in the case of HGF gene,
may be easily cloned by a person skilled in the art
based on sequences as previously described (for
‘example, Science 246:1306 (1989)) and sequence
information registered in databases, and their
modification can also be easily performed.

According to the present invention, it was
demonstrated for the first time that cerebrovascular
disorders can be treated or prevented with HGF gene or
VEGF gene. Thus, the present invention revealed, for
the first time, that (a) after the transfection of HGF
gene or VEGF gene, these proteins are detected in the
brain over a prolonged period of time, (b) by treatment
using HGF gene or VEGF gene transfection, angiogenesis
can be induced on the surface of an ischemic brain, (c)
the transfection of HGF gene or VEGF gene is effective
in treating reduced blood flow in the brain caused by
obstruction in the blood vessels, and (d) this
treatment method is also effective when performed
before obstruction. Thus, HGF gene and VEGF gene may

be effectively used as a therapeutic or preventive

agent for various cerebrovascular disorders such as

disorders resulting from cerebral ischemia, disorders




19

associated with reduced blood flow in the brain,
disorders for which improvement is expected by
promoting angiogenesis in the brain, and the like.

Specifically they are effectively used as
therapeutic or preventive agents (hereinafter, the
therapeutic or preventive agents of the present
invention are simply designated as gene therapy agents)
for cerebrovascular obstruction, cerebral infarction,
cerebral thrombosis, cerebral embolism, stroke
(including subarachnoid bleeding, transient cerebral
ischemia, cerebral atheroscrelosis), cerebral bleeding,
moyamoya disease, cerebrovascular dementia, Alzheimer's
dementia, sequelae of cerebral bleeding or cerebral
infarction, and the like.

Furthermore, the present inventors have found

that delayed neuronal death due to ischemia in the

hippocampus CA-1 region is suppressed by the

introduction of HGF gene, that is, HGF gene has an
effect of suppressing neuronal death in the brain. We
have also demonstrated that this effect is based on the
c-Met-mediated apoptosis-suppressing effect of nerve
cells.

The hippocampus CA-1 region as used herein is
a region that is densely populated with nerves and a
region that is susceptible to neuronal death by
cerebral ischemia. Such HGF gene has been found to be
able to treat and prevent cerebrovascular disorders

based on the both of the angiogenic effect (suppression
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of reduced blood flow) and the nerve cell protective

effect.

Since HGF gene has c-Met-mediated nerve cell
protecting effect as described above, it can be
effectively used as a therapeutic or preventive agent
for neurodegenerative diseases such as Alzheimer's
disease, Alzheimer's senile dementia, amyotrophic
lateral sclerosis, or Parkinson's disease.

In accordance with the present invention, HGF
gene and VEGF gene may be used alone or in combination
with each other. They can also be used in combination
with the gene of other vascular endothelial growth
factors. Furthermore, HGF gene and/or VEGF gene may be
used in combination with HGF protein and/or VEGF
protein. Preferred are a combination of HGF gene and
HGF protein or of VEGF gene and VEGF protein, more
preferably of HGF gene and HGF protein. See Example 4
below for details.

HGF protein as used herein may be obtained by
any method as long as it has been purified to the
extent it may be usable as a pharmaceutical drug.
Commercially available products (for example Toyoboseki
k.k., Code No. HGF-101, etc.) may also be used. cDNA
of HGF obtained by cloning mentioned above is inserted
into any suitable expression vector, which is
introduced into a host cell to obtain a transformant,
from the culture supernatant of which transformant may

be obtained recombinant HGF protein of interest (see,
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for example, Nature 342:440 (1989); Patent Publication
No. 2777678). VEGF protein can also be obtained in a
similar manner.

Then, a method of gene introduction, form of
introduction, amount to be introduced and the like for
use in gene therapy of the present invention are
explained.

When a gene therapy agent comprising the
above gene as an active ingredient is to be
administered to patients, the dosage regimens are
roughly divided into two: a case in which a nonviral
vector is used, and a case in which a viral vector is
used. The methods of preparation and administration
thereof are explained in detail in experimental manuals
(Separate volume of Experimental Medicine, Basic

Technology in gene therapy. Yodosha (1996); Separate

volume of Experimental Medicine, Experimental Methods

in Gene Introduction and Expression Analysis, Yodosha
(1997); Handbook for Development and Research of Gene
Therapy, edited by Japan Society of Gene Therapy, NTS
(1999)). This will be explained in specific terms
below.
A. When a nonviral vector is used

Using a recombinant expression vector in
which a gene of interest has been integrated into a
commonly used gene expression vector may be used to
introduce the gene of interest into cells or tissue by

the following method etc.
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As a method of gene introduction into cells,
there can be mentioned the lipofection method, the
calcium phosphate co-precipitation method, the DEAE-
dextran method, direct DNA introduction methods using
micro glass tubes, and the like.

As a method of gene introduction into the
tissue, a recombinant expression vector may be
incorporated into the cell by subjecting any of a
method of gene introduction with internal type
liposome, a method of gene introduction with
electrostatic type liposome, the HVJ-liposome method,
the improved HVJ-liposome method (HVJ-AVE liposome
method), the receptor-mediated gene introduction
method, a method of introducing DNA molecules together
with carriers (metal particles) by a particle gun, a
method of directly introducing naked-DNA, a method of
introduction with positively—éharged polymers and the
like.

Among them, HVJ-liposome is a fusion product
prepared by enclosing DNA into liposome made of 1lipid
bilayer, which was fused to inactivated Sendai virus
(Hemagglutinating virus of Japan: HVJ). The HVJ-
liposome method is characterized by a very high fusing
activity with the cell membrane compared to the
conventional liposome method, and is a preferred mode
of introduction. For the method of preparing HVJ-
liposome, see, for details, the literature (Separate

volume of Experimental Medicine, Basic Technology in
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gene therapy, Yodosha (1996); Experimental Methods in
Gene Introduction and Expression Analysis, Yodosha
(1997); J. Clin. Invest. 93:1458-1464 (1994); Am. J.
Physiol. 271:R1212-1220 (1996)) and the like, and
experimental examples described below for details. As
HVJ, the Z strain (available from ATCC) is preferred,
but other HVJ strains (for example, ATCC VR-907 and
ATCC VR-105) may also be used.

Furthermore, the method of directly
introducing naked-DNA is the most simple method among
the methods described above, and in this regard a
preferred method of introduction.

Expression vectors as used herein may be any
expression vectors as long as they permit the
expressjion in vivo of the gene of interest, and

include, for example, expression vectors such as pCAGGS

(Gene 108:193-200 (1991)), pBK-CMV, pcDNA3.1l, pZeoSV

(Invitrogen, Stratagene) and the like.
B. Wl iral . 3

Representative methods use, as viral vectors
such as recombinant adenovirus, retrovirus and the
like. More specifically, the gene of interest can be
introduced into DNA virus or RNA virus such as
detoxified retrovirus, adenovirus, adeno-associated
virus, herpesvirus, vaccinia virus, poxvirus,
poliovirus, Sindbis virus, Sendai virus, SV40, human
immunodeficiency virus (HIV) and the like, which is

then infected to the cell to introduce the gene into
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the cell.

Among the above viral vectors, the efficiency
of infection is known to be the highest with adenovirus
than with other viral vectors. 1In this regard, it is
preferred to use an adenovirus vector system.

As methods of introducing a gene therapy
agent into a patient, there are an in vivo method that

permits direct introduction of the gene therapy agent

"into the body, and an ex vivo method in which certain

cells are removed from a human and a gene therapy agent
is introduced into said cells, which are then returned
into the body (Nikkei Science, April 1994 issue pp. 20-
24; Monthly Yakuji, 36(1):23-48 (1994); Supplement to
Experimental Medicine 12(15) (1994); Handbook for
Development and Research of Gene Therapy, edited by
Japan Society of Gene Therapy, NTS (1999)). According
to the present invention, the in vivo method is
preferred.

Sites for administration to patients are
selected depending on the disease, disease state and
the like to be treated. For example, in addition to
making a hole directly into the cranium and introducing
the gene therethrough, there is administration to the
lateral ventricle or administration to the subarachnoid
space. Among them, administration to the subarachnoid
space is a novel and efficient method of administration
that was disclosed in the present invention. The

administration to the subarachnoid space is desired
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when it is intended to treat the disease based on the
original purpose, i.e. when reduced blood flow in the
brain is treated by angiogenesis and/or by suppressing
neuronal death in the brain.

Dosage forms may take various forms according
to various administration regimens described above (for
example, liquids). When, for example, an injection
containing the gene as an active ingredient is to be
used, said injection may be prepared according to a
standard method. For example, after dissolving in a
suitable solvent (a buffer such as PBS, physiological
saline, sterile water, etc.), it is filter-sterilized
with filter as needed, and then filled into sterilized
containers. Commonly used carriers etc. may be added
to the injection. In liposomes such as HVJ-liposome,
they may take the form of suspensions, frozen
formulations, centrifugation-concentrated frozen
formulations and the like.

In order to facilitate delivery of the
into the periphery of a lesion site, a sustained
release preparation (minipellet formulation, etc.) may
be prepared and implanted near the affected region, or
it can be administered to the affected area
continuously and gradually using an osmotic pump etc.

The content of DNA in the formulation may be
controlled as appropriate depending on the disease to

be treated, age and weight of the patient, etc., and

usually it is in the range of 0.0001-100 mg, preferably
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0.001-10 mg, as the DNA of the present invention, which
is preferably given every few days to every few months.
The present invention will now be
specifically explained with reference to the following
examples. It should be noted, however, that the
present invention is not limited by these examples in

any way.

Experiment 1I.

2 3 . . 1 effect £
. : b1 1 £] in the I . ith HGF i
YEGF gene

Materials and experimental methods
1) Ligation of the bilateral carotid arteries

Male Sprague Dawley rats (350-400 g; Charles
River Japan, Atsugi city, Japan) were anesthetized with
pentobarbital sodium (50 mg/kg, intraperitoneal), and
were allowed to breathe spontaneously during surgery.
By midline neck incision, the bilateral carotid
arteries were exposed, and were tightly ligated by 2-0
silk.
2) Preparation of HVJ-liposome complex

The method used to prepare HVJ-liposome is as
previously described (J. Clin. Invest. 93:1458-1464

(1994); Am. J. Physiol. 271:R1212-1220 (1996)).

Briefly, phosphatidyl serine, phosphatidyl choline, and

cholesterol were mixed at a weight ratio of 1:4.8:2.

Tetrahydrofuran was removed by rotary evaporator to
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allow the lipid mixture (10 mg) to deposit on the side

wall of the flask. The dried lipid was hydrated in 200

ul of a balanced salt solution (BSS: 137 uM NaCl, 5.4 uM

KC1l, 10 pyM Tris-HC1l, pH 7.6) having an expression
vector in which the gene of interest had been inserted.
Liposomes in the control group contain an expression
vector having no gene of interest (BSS 200 pl).
Liposomes were prepared by shaking and ultrasonication.

Purified HVJ (Z strain) was inactivated by UV
irradiation (110 erg/mm’ per second) for 3 minutes
immediately prior to use. A liposome mixture (0.5 ml
containing 10 mg of 1lipid) was mixed with HVJ (10,000
hemagglutination units in a total volume of 4 ml). The
mixture was incubated at 4°C for 5 minutes, and then at
37°C for 30 minutes while shaking gently. Free HVJ was
removed from the HVJ-liposome by sucrose density
gradient centrifugation. The uppermost layer of the
sucrose gradient was collected and used. The final
concentration of plasmid DNA was equal to 20 pg/ml when
calculated as previously reported (J. Clin. Invest.
93:1458-1464 (1994); Am. J. Physiol. 271:R1212-1220
(1996)). The method of preparation has been optimized
so as to attain the maximum transfection efficiency.
3) 1In vivo gene introduction

In order to establish an efficient method of
in vivo gene introduction, we have tested three
different methods to deliver plasmid that formed a

complex with the HVJ-liposome: 1) direct introduction
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into the internal carotid artery, 2) injection into the
lateral ventricle, and 3) injection into the cisterna
(subarachnoid space).

For the introduction into the internal
carotid artery, male Sprague Dawley rats (350-400 g)
were anesthetized with pentobarbital sodium (50 mg/kg,
intraperitoneal), and incision was made to the left
common carotid artery, into which a polyethylene
catheter (PE-50, Clay Adams, Parsippany, NJ) was
introduced (Rakugi et al.). The distal region of the
external carotid artery was isolated for a short time
by closing with ligature temporarily. The HVJ-liposome
complex (1 ml) was injected into the external carotid
artery region. After injection, the injection canula
was removed and the ligature was loosened to recover
blood flow into the common carotid artery.

For injection into the lateral ventricle, the
anesthetized rats were placed in a stereotaxic
apparatus (Narishige Scientific Instrument Laboratory,

Tokyo, Japan) to expose the cranium. A stainless steel

canula (30 gauge; Becton Dickinson, Franklin Lakes, NJ)

with a specifically designed Teflon connector (FEP
tube, Bioanalytical Systems, West Lafayette, IN) was
introduced into the left lateral ventricle ad
previously described (Am. J. Physiol. 271:R1212-1220
(1996)). The stereotaxic coordinate was as follows:
behind the bregma, 1.3 mm; side of the midline, 2.1 mm;

and under the cranial surface, 3.6 mm. The HVJ-
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liposome complex was injected to the lateral ventricle
(20 pul). After the injection of the HVJ-liposome
complex, the injection canula was removed. No
behavioral changes such as spasm in the extremities and
abnormal movement were observed in any animal that
received injection.

For injection into the subarachnoid space,
the head of each animal was fixed at a horizontal
position, and the atlantoccipital membrane was exposed
by the midline incision of the occipital bone. A
stainless steel canula (27 gauge; Becton Dickinson,
Franklin Lakes, NJ) was introduced into the
subarachnoid space. The position of the canula was
confirmed, and in order to avoid increases in
intracranial pressure, 100 pl of cerebrospinal fluid
was removed. Then the HVJ-liposome solution (100 ul:
100 png/ml) was carefully injected into the cisterna
(subarachnoid space) over more than one minute. Then
the animal was placed with the head down for 30

minutes. A preventive dosage of antibiotics (30,000 U

penicillin) was administered to complete the sterile

procedure.
4) Laser Doppler imaging

Using a laser Doppler imager (LDI),
continuous blood flow was recorded for two weeks after
the surgery. The LDI system (Moore Instruments Ltd.,
Devon, UK) has a 2 W built-in helium-neon laser in

order to generate a beam that continuously scans to a
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depth of 600 um of the tissue surface of 12 x 12 cm.
During scanning, blood cells moving in the blood system
change the frequency of the incident light according to

the Doppler principle. A photodiode collects the

scattered light in the opposite direction, and thereby

variation in the original light strength are converted
into voltage variation in the range of 0-10 V. A
perfusion output value at 0 V was graduated at 0%
perfusion, and 10 V was graduated at 100% perfusion.
After scanning is complete and the scattered light in
the opposite direction is collected from all
measurement sites, color-coded images showing blood
flow are displayed on a television monitor. Perfusion
signals are divided into six different sections, each
being displayed as a distinct color. The reduced blood
flow or no perfusion is indicated by dark blue, while
the maximum perfusion is displayed as red.

Using the LDI, perfusion at the brain surface
was recorded before, immediately after, 7 and 14 days
after obstruction. Along the midline incision on the
scalp, a bone window of 12 x 12 cm was made using an
electric drill. On this bone window, continuous
measurement values were obtained. Color-coded images
were recorded, and analysis was performed by
calculating mean perfusion values for each rat. In
order to consider variables containing ambient light
and temperature, calculated values of perfusion were

expressed as ratios of the brain after (ischemia) to




before (nontreatment).
5) Histopathological examination

After fixing in a 3% paraformaldehyde/20%
sucrose solution for one day, 25 um frozen sections
coronal plane were made for every 100 um for use in
gal staining. The sections were stained with X-gal
identify stained neurons that are expressing B-
galactosidase. 25 pm frozen sections of coronal plane
were made for every 100 um for use in alkaline
phosphatase (ALP) staining. These sections were
incubated together with PBS containing 0.3% hydrogen
peroxide to decrease endogenous peroxidase activity,
and then were incubated with primary antibody diluted
in PBS containing 10% equine serum or a lectin at room
temperature for 60 minutes. After washing three times

in a Tris buffered saline containing 2% equine serum,

the biotin-tagged secondary antibody compatible with
the species and then avidin-biotin peroxidase complex
(Vectastain ABC kit, PK6100, Vector laboratories,
Burlingame, CA) were incubated. Antibody binding was
visualized using diaminobenzidine. Primary antibody
was omitted and stained with unrelated immunoglobulin
compatible with the type and class in order to use as
negative control for each antibody.

6) ELISA method on HGF and VEGF in the cerebrospinal
fluid (CSF)

CSF (100 ul) obtained from rats before, 7 and

14 days after the obstruction of the bilateral carotid
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arteries was used in the experiments. Rat and human
HGFs were determined by an ELISA kit (Institute of
Immunology, Tokyo), and human VEGF was also determined
by an ELISA kit (R&D systems, Minneapolis, MN).
7) Experimental materials

cDNA of human HGF (Patent No. 2777678) was
cloned by a standard method, which was inserted into an
expression vector pcDNA (manufactured by Invitrogen)
and used as human HGF gene.

cDNA of human VEGF165 (Science 246:1306
(1989)) was cloned by a standard method, which was
inserted into an expression vector pUC-CAGGS and used
as human VEGF gene.

Using a recombinant expression vector in
which cDNA of human HGF (Patent No. 2777678) was
inserted into an expression vector pcDNA (manufactured
by Invitrogen), Chinese hamster ovary cells (ATCC) or
C-127 cells (ATCC) were transfected, and from the
culture medium thereof human recombinant HGF was
purified by a standard method and used.

Based on the above materials and experimental

method, the following Examples 1-4 were performed.

As a gene to be introduced, P-galactosidase

gene (manufactured by Invitrogen, concentration in HVJ-
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liposome: 20 pug/ml) was used to prepare HVJ-liposome as
described in the above materials and experimental
method.

First, the HVJ-liposome complex was injected
directly into the internal carotid artery and was
allowed to reach the brain. However, in the
intraarterial injection in the above carotid artery,
little expression in the brain or microvascular
endothelial cells was generated on day 3 and 7 after
the injection (data not shown). Therefore, HVJ-
liposome was injected into the lateral ventricle and
the subarachnoid space. The injection of -

galactosidase gene by the HVJ-liposome method gave rise

to marked expression of f-gal on day 3 and 7 after the

injection (Fig. 1 and Fig. 2). When injected into the
lateral brain, P-gal expression was mainly observed in
the lateral ventricle and the perichoroidal plexus. In
contrast, when injected into the subarachnoid space, -
gal expression was observed on the brain surface. The
foregoing result revealed that injection into the
subarachnoid space is better when the reduced blood

flow in the brain is to be treated by angiogenesis.

Example 2
I . Fecti £ HGF i VEGF

In order to understand the effect of
introduction of HGF gene and VEGF gene, the protein

expression of these molecules in the cerebrospinal
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fluid (CSF) was determined by an ELISA method (n=4,
each group). First, human HGF and VEGF were determined
in the CSF of the control rats (treated with an
expression vector in which no HGF gene or VEGF gene
were introduced) before, 7 and 14 days after the
obstruction of the bilateral carotid arteries, and no
concentration of these proteins was detected (Fig. 3
and Fig. 4).

Next, the concentration of human HGF protein
was determined in the CSF of the rats in which HGF gene
(concentration in HVJ-liposome: 20 pg/ml) was
introduced into the subarachnoid space immediately
after the carotid artery obstruction. On day 7 after
transfection, human HGF was detected but not rat HGF
(Fig. 3). There were no marked differences observe
between the rats (1.63 = 0.16 ng/ml) in which the
carotid artery was obstructed and the rats (1.67 + 0.29
ng/ml) in which the carotid artery was not obstructed.
Even on day 14 after transfection, human HGF was
detected (0.40 = 0.04 ng/ml) (Fig. 3).

In a similar procedure to the above HGF gene,

VEGF gene (concentration in HVJ-liposome: 20 pg/ml) was

introduced into the subarachnoid space, and the
concentration of human VEGF in the CSF was much lower
than HGF (Fig. 4) (day 7; 18.9 * 2.9 pg/ml for the rats
in which the carotid artery was not obstructed, and
16.8 = 5.8 pg/ml for the rats in which the carotid

artery was obstructed, day 14; 11.7 = 1.6 pg/ml for the
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rats in which the carotid artery was not obstructed,
and 9.9 = 1.5 pg/ml for the rats in which the carotid
artery was obstructed). The reason for these
differences are unknown, but it appears that it is
preferred to cause angiogenesis by applying HGF in

order to treat chronic reduction in blood flow.

Anqi . he braji E by HG] Foct ]

Using the tissue of the rats that were
treated as in Example 2, the effect of HGF gene
introduction in the CNS on angiogenesis was confirmed.
Thus, by performing histopathological analysis using an
alkaline phosphatase (ALP) staining that detects
vascular endothelial cells, endothelial cells in and
around the brain were detected. 1In the rats in which
HGF gene was not introduced, ALP-positive cells were
limited to the inside of the brain before and 7 days
after the obstruction of the bilateral carotid arteries
(A and C in Fig. 5). Interestingly, in the the rats in
which HGF gene was introduced, ALP-positive cells were
observed on the brain surface, and more cells were
observed on the brain surface in the rats in which the
bilateral carotid arteries were obstructed than in the
rats in which the bilateral carotid arteries were not

obstructed (B and D in Fig. 5). These results

suggested that the introduction of HGF gene caused

angiogenesis in particular on the brain surface in an
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ischemic state.

Example 4
Cerebral blood flow (CBF) in the rat measured by LDI

CBF in the rat was measured before and after
the obstruction of the bilateral carotid arteries.
First, changes in CBF of the rats in which gene was not
introduced were analyzed before, immediately after, 7
and 14 days after obstruction. As expected, CBF
decreased immediately after obstruction of the
bilateral carotid arteries, and gradually increased
with time (Fig. 6). However, CBF was markedly lower on
day 7 and 14 after obstruction compared to the non-
treated rats (Fig. 6).

Next, the rats treated with recombinant HGF
(200 pg), HGF gene (concentration in HVJ-liposome: 20
ug/ml), and a combination of recombinant HGF and HGF
gene were measured. The HGF gene and recombinant HGF
were injected to the subarachnoid space in a manner
similar to that in Examples 2 and 3. Each treatment
was performed 10 minutes after carotid artery
obstruction. In the rats treated with recombinant HGF,
no marked increases in CBF were observed compared to
the control rats (control: 886.1 = 99.6, recombinant
HGF: 985.5 + 142.4) (Fig. 7). However, in the
treatment with HGF gene introduction, CBF showed a
marked increase on day 7 after obstruction (1214.5 =

145.1). Furthermore, in the rats treated with a
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combination of recombinant HGF and gene introduction,
unexpectedly, CBF was much higher on day 7 compared to
gene introduction alone (1490.3 * 197.9). These
results demonstrated that angiogenesis by the
introduction of HGF gene improves chronic reduction in
cerebral blood flow, and that the combination of the
gene and recombinant HGF is the most effective when
treated after arterial obstruction.

On the other hand, since VEGF gene also
enhanced CBF (1122.8 = 265.3) (Fig. 7), VEGF gene was
also shown to be effective in improving reduced blood
flow in the brain.

Next, the effectiveness of the treatment was
investigated when it was performed before arterial
obstruction. Interestingly, the treatment with HGF
gene or VEGF gene before arterial obstruction prevented
'reduction in CBF due to carotid artery obstruction
(control: 459.4 = 97.4, HGF: 796.8 = 204, VEGF: 737.6 =
211.5) (Fig. 8). These results indicate that when
delivered before ischemia, the introduction of HGF gene
and VEGF gene is effective in preventing reduced blood

flow due to arterial obstruction.

Experiment II.

Study on _the suppressive effect of neuronal
Jeath in the brain by HGF
Experimental method

The HVJ-liposome complex containing human HGF
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gene and human recombinant HGF used in the experiment
were prepared in the same manner as in the above
Experiment I.

In the experiment, male Mongolian gerbils
(weight: 50-70 g) were used. The animals were bred in
a room of which temperature was maintained at 24°C and
water and the feed were given ad libitum. The
Mongolian gerbils were divided into five groups.
"sham": the control group (group with no ischemic
stimulation), "vehicle": the group with 5-min ischemia
of the bilateral carotid arteries, "post G": the group
with HGF gene introduction after 5-min ischemia of the
bilateral carotid arteries, "pre G": the group with HGF
gene introduction before 5-min ischemia of the

bilateral carotid arteries, "post R": the group with

one-time administration of recombinant HGF gene after

5-min ischemia of the bilateral carotid arteries.
Wearing a face mask, anesthesia of 3% halothane was

performed, and maintained at a mixed air of 1.5%

halothane, 20% oxygen, and 80% nitrogen. Body
temperature (the temperature of the rectum) was always
monitored to maintain at around 37°C using a heat pad.
After the bilateral carotid arteries were exposed,
blood flow was completely blocked using a blood vessel
clip for 5 minutes. Thereafter, the clip was released
to restore blood flow. Immediately before or
immediately after the surgical treatment, human HGF

gene (20 pg) was introduced from the subarachnoid space
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to the cerebrospinal cavity using the HVJ-liposome
method. Recombinant HGF (30 pg) was given from the
subarachnoid space to cerebrospinal cavity immediately
after the surgical treatment. After the surgery also,
the cage was maintained at 37°C to wait for recovery to
occur. The control group was treated in the same
manner as in the other groups except blood flow
blocking. On day 4 and 7 after ischemia, the brain was
extracted and the sections were HE stained, TUNEL
stained, and immunostained before performing
histopathological analysis. The concentration of HGF
in the cerebrospinal fluid was measured using a human
HGF ELISA analysis.

Based on the above experimental method, the

following Example 5 was performed.

Example 5
S \ £ 1 death in the hi CA-]
. by HGF I Fecti

Using normal Mongolian gerbils, the
introduction of gene from the subarachnoid space to the
cerebrospinal cavity by the HVJ-liposome method was
confirmed. When f-galactosidase gene was introduced
and the sections of the brain were Pf-gal stained, gene
expression was observed on the brain surface and the
hippocampus CA-1 region (Fig. 9).

By ischemia for 5 minutes at the bilateral

carotid arteries, delayed neuronal death was observed
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in the hippocampus CA-1 region of the brain (Fig. 10,
the vehicle group). In contrast, the administration of
HGF gene (the PreG group and the PostG group) or
recombinant HGF (the PostR group) significantly
suppressed delayed neuronal death (Fig. 11 and Fig.
12). When HGF concentration in the cerebrospinal fluid
of the PostG group was measured by an ELISA method, HGF
expression was observed even after 7 days (Fig. 13).
Thus, HGF was found to be effective in suppressing
delayed neuronal death due to cerebral ischemia.

When the expression site of a HGF receptor,
c-Met, was investigated by an immunostaining method,
expfession was observed in the CA-1 region indicating
that HGF signals are transmitted through c-Met (Fig.

14).

Furthermore, when nerve cells that had

apoptosis in the CA-1 region were stained by the TUNEL
method, apoptosis of nerve cells was observed in
abundance in the vehicle group (Fig. 15). In contrast,
little apoptosis was detected in the HGF gene
administration group (the PreG group and the PostG
group) (Fig. 15). Thus, the administration of HGF

was thought to suppress apoptosis of nerve cells.
order to investigate the mechanism of suppression,
expression in the CA-1 region of Bcl-x1 and HSP70
having a apoptosis-suppressing effect was examined
immunostaining. The expression of Bcl-xL is shown

Fig. 16, and that of HSP70 is shown in Fig. 17 and
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18. Expression of both proteins was confirmed in nerve
cells by the administration of HGF gene. The foregoing
revealed that the administration of HGF gene induces
the expression of Bcl-xL and HSP70 and suppresses the

apoptosis of nerve cells.

Industrial Applicability
In accordance with the present invention,
there may be provided novel therapeutic or preventive

agents for cerebrovascular disorders comprising HGF

gene and/or VEGF gene as an active ingredient, and

novel administration methods comprising administering
said therapeutic or preventive agents to the

subarachnoid space.
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CLAIMS

1. ' A therapeutic or preventive agent for
cerebrovascular disorders, said agent comprising HGF
gene and/or VEGF gene as an active ingredient.

2. A therapeutic or preventive agent according
to claim 1 wherein cerebrovascular disorders are
cerebrovascular obstruction, cerebral infarction,
cerebral thrombosis, cerebral embolism, stroke,
cerebral bleeding, moyamoya disease, cerebrovascular
dementia, Alzheimer's dementia, and sequelae of
cerebral bleeding or cerebral infarction.

3. A therapeutic or preventive agent for reduced
blood flow in the brain comprising HGF gene and/or VEGF

gene as an active ingredient.

4. A promoting agent for angiogenesis in the

brain comprising HGF gene and/or VEGF gene as an active
ingredient.

5. A suppressing agent for neuronal death in the
brain comprising HGF gene as an active ingredient.

6. The suppressing agent according to claim 5
wherein neuronal death in the brain is delayed neuronal
death caused by cerebral ischemia.

7. A suppressing agent for apoptosis of nerve
cells in the brain comprising HGF gene as an active
ingredient.

8. The agent according to any one of claims 1-7

which comprises HGF gene and/or VEGF gene as an active
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ingredient and which is to be used in combination with
HGF protein and/or VEGF protein.
9. The agent according to claim 8 which
comprises HGF gene as an active ingredient and which is
to be used in combination with HGF protein.
10. The agent according to any one of claims 1-9
wherein HGF gene and/or VEGF gene are in the form of
HVJ-liposome.
11. The agent according to any one of claims 1-10
to be administered into the subarachnoid space.
12. The method of producing the agent according
to any one of claims 1-11 comprising blending HGF gene
and/or VEGF gene with a pharmaceutically acceptable
solvent.

13. A therapeutic or preventive method for

cerebrovascular disorders comprising introducing HGF

gene and/or VEGF gene into humans.

14. A therapeutic or preventive method for
reduced blood flow comprising introducing HGF gene
and/or VEGF gene into humans.

15. A method of promoting cerebral angiogenesis
comprising introducing HGF gene and/or VEGF gene into
humans.

16. A method of suppressing neuronal death in the
brain comprising introducing HGF gene into humans.

17. A method of suppressing apoptosis of nerve
cells in the brain comprising introducing HGF gene into

humans.
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18. The method according to any one of claims 13-
17 comprising administering HGF gene and/or VEGF gene
into the subarachnoid space in humans.
19. The method according to any one of claims 13-
18 comprising administering HGF protein and/or VEGF
protein together with the introduction of HGF gene
and/or VEGF gene.
20. The method according to claim 19 comprising
administering HGF protein together with the
introduction of HGF gene.
21. Use of HGF gene and/or VEGF gene in the
manufacture of a therapeutic or preventive agent for
cerebrovascular disorders.
22. Use of HGF gene and/or VEGF gene in the
manufacture of a therapeutic or preventive agent for
reduced blood flow in the brain.
23. Use of HGF gene and/or VEGF gene in the
manufacture of a promoting agent for angiogenesis
the brain.

24. Use of HGF gene in the manufacture of a

suppressing agent for neuronal death in the brain.

25. Use of HGF gene in the manufacture of a
suppressing agent for apoptosis of nerve cells in

brain.
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ABSTRACT

By introducing hepatocyte growth factor (HGF)

gene and/or vascular endothelial growth factor (VEGF)
gene into the subarachnoid space in humans,
cerebrovascular disorders such as cerebrovascular
obstruction, cerebral infarction, cerebral thrombosis,
cerebral embolism, stroke, cerebral bleeding, moyamoya
disease, cerebrovascular dementia, and Alzheimer's

dementia can be effectively treated or prevented.
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FIG. 9
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FIG. 10

Delayed neuronal death
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FIG. 11

HGF injection
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